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HAMBLIN LISTER OPERATING LAMP 


Made principally of alumin- 
ium alloy, this hand-lamp is 
portable and light. It is so 
designed as to be perfectly 
balanced in the hand. (ts 
beam is readily focused to 
provide an intense but even 


























patch of light for operating. 


The condenser is hinged to ] 

be quickly removable from f 

the light path, so that a V 

brilliant image of the fila- t 

ment may be projected ; the I 

iNlumination thus provided is k 

ideal for such purposes as p 

needling. lt employs a 12-volt ’ 
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transformer for use from A.C. si 
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carrying the transformer on in 

the base as shown in the re 
illustration. 
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COMMUNICATIONS 


SPECIFICITY AND COMPARATIVE ACTIVITY 
OF THE CARBONIC ANHYDRASE INHIBITORS 


NEPTAZANE AND DIAMOX ON ANIMAL AND 
HUMAN EYES* 


BY 


MAURICE E. LANGHAMt 


From the Howe Laboratory of Ophthalmology, Harvard Medical School, 
and the Massachusetts Eye and Ear Infirmary, Boston, U.S.A. 


IN an investigation of the function of the enzyme carbonic anhydrase in the 
formation of the aqueous humour (Langham, 1958b), studies were made 
with a new carbonic anhydrase inhibitor, 5-acetylimino-4-methyl-42-1, 3, 4- 
thiadiazoline-2-sulphonamide (Neptazane, Lederle Laboratories). The 
results of this study indicated that Neptazane was more active than the well- 
known carbonic anhydrase inhibitor Diamox in reducing the intra-ocular 
pressure and the rate of formation of the aqueous humour, and were conse- 
quently thought to be of sufficient clinical interest to be presented in this 
paper. Neptazane differs pharmacologically from Diamox in that it has 
greater in vitro activity, penetrates the blood-brain barrier more rapidly, and 
is excreted from the body more slowly (unpublished reports, Lederle Labora- 


tories). Recently, Becker (1957) summarized his own unpublished studies 
and stated that Neptazane was three to four times more active than Diamox 


in decreasing the intra-ocular pressure of animals and man, and that side 
Teactions were much less common in patients given Neptazane, 

In separate studies to be described in this paper, the specificity of these 
two potent carbonic anhydrase inhibitors has been analysed by the use of 
compounds having similar chemical structure but possessing no inhibitory 
activity; the structures of the two inhibitors and two of their inactive control 
compounds are shown in Fig. 1 (overleaf). These control compounds differ 


from Neptazane and Diamox in not having a free sulphonamide group, a 
characteristic which is essential for carbonic anhydrase inhibitory action 


(Mann and Keilin, 1940; Krebs, 1948: Maren, 1956). 


Methods 
Albino rabbits of both sexes weighing between 1°8 and 3-0 kg. and adult cats weighing 


3 to 4-5 kg. were used in these studies. Animals were anaesthetized with Urethane 
{1-25 to 1-75 g./kg.) given intravenously or intraperitoneally in a 25 per cent. solution (w/v). 


Strain gauge manometers (Statham, California) coupled to the Sanborn model pre- 
amplifier and the Sanborn model 150—-1,100 direct pen recorder were used to record the 


intra-ocular and the femoral arterial pressures (Langham, — 





* Received for publication May 20, 195 
tf Ophthalmological Research Unit, Medical Research Council, Tastioute of Ophthalmology, London. 
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Fic. 1.—Chemical structure of carbonic anhydrase inhibitors 
(a) Diamox, 2-acetylamino-1, 3, 4-thiadiazole-5-sulphonamide 
(b) Its inactive control compound, 2-acetylamino-1, 3, 4-thiadiazole-SN-methyl sulphonamide 
(c) Neptazane, 5 acetylimino-4 methyl-42-1, 3, 4-thiadiazoline-2-sulphonamide 
(d) Its inactive control compound, 5-acetylimino-4-methyl-42-1, 3, 4-thiadiazoline-2N-t-butyl 
sulphonamide. 

The rate of formation of the aqueous humour was recorded by a direct procedure 
described by Langham (1958b). The aqueous humour of the anterior chamber was 
replaced by liquid paraffin (mineral oil) to block the outflow vessels and the aqueous 
humour secreted into the posterior chamber flowed into a graduated micro pipette 
maintained at a constant pressure of 35 mm. Hg. 

Tonometry on rabbits was made with a standard Schidtz tonometer with a 7-5-g. load. 
Rabbits were placed in a canvas bag to restrain movement, and readings were taken with 
the animal on its side after placing one drop of 1 per cent. solution of pantocaine into 
the subconjunctival sac. 

Tonometry on human subjects was made with either a standard X-tonometer (5:5 g. wt) 
or the standard Mueller electronic tonometer. 

Diamox, Neptazane, and the control inactive compounds were used in a 2 per cent. 
solution of their sodium salt. These solutions had a pH of 9 to 10.* 


Results 

Representative experimental records of the maximal effect of an intravenous injection 
of Neptazane and Diamox on the intra-ocular pressure of cats are shown in Figs 2 and 3 
(opposite). 

The results in cats and rabbits were essentially identical, and in all the animals studied 
Neptazane caused the intra-ocular pressure to fall independently of the blood pressure, 
and to approach a new steady-state value in 10 to 20 min. The extent of the change in 
intra-ocular pressure in three rabbits and three cats injected with varied amounts of 
Neptazane are recorded in Table I (overleaf). 

Diamox given to a rabbit which had previously been injected with Neptazane caused 
no further fall in the intra-ocular pressure (Fig. 4, overleaf). 

The inactive control compound of Neptazane had no effect on the steady-state value 
of the intra-ocular pressure in rabbits or cats when injected intravenously in amounts 





* Samples of the two inhibitors and their contro compounds were generously donated by Lederle research 
laboratories. . 
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NEPTAZANE AND DIAMOX 


CEREBRO-SPINAL 


Fic. 2.—Effect of an intra- 

venous injection of 20 mg./kg. 

Neptazane on_intra-ocular 

pressure, femoral arterial 

blood pressure, and cerebro- 

spinal pressure of an adult cat 

anaesthetized with Urethane. 

A 2 per cent. solution of the 

sodium salt of Neptazane was 

injected into the femoral vein 

$$ S$ _at the time marker (¢=0 min.). 
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PRESSURE (mm.Hg) PRESSURE (mm.Hg) PRESSURE (mm.Hg) 


MN UNE 


CEREBRO-SPINAL 


Fic. 3.—Effect of an intravenous 
injection of 20 mg./kg. Diamox on 
intra-ocular pressure, femoral arterial 
blood pressure, and cerebrospinal 
pressure of an adult cat anaesthetized 
with Urethane. Diamox was injected 
into the femoral vein at the time 
marker (t=1 min.). 


290 
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up to 100 mg./kg. (Fig. 5, overleaf). However, the same animals were found to give a typical 
response to an intravenous injection of Neptazane at a dose of 2 to 5 mg./kg. Similar 
results were obtained when the inactive control compound of Diamox was injected 
intravenously in doses of 100 mg./kg. (Fig. 6, overleaf). Fig. 7 (overleaf) shows the 
effects on a rabbit which had been found to be unaffected by an intravenous dose of 
50 mg./kg. of the inactive control compound, but in which the intra-ocular pressure fell 
dramatically after a subsequent intravenous injection of 5 mg./kg. Diamox. 

A comparison of the activities of Neptazane and Diamox in causing a fall in the intra- 
ocular pressure was made in a series of experiments on conscious rabbits using a standard 
Schiétz tonometer to measure the intra-ocular pressure, and in a further small series of 
experiments using the manometric procedure on anaesthetized rabbits. In a group of 
four conscious rabbits a significant fall in the intra-ocular pressure occurred after an 
intravenous injection of 1 mg./kg. Neptazane (Fig. 8, overleaf), while in a similar series of 
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TABLE I 


EFFECT OF NEPTAZANE INJECTED INTRAVENOUSLY ON THE INTRA-OCULAR 
PRESSURE OF ANAESTHETIZED RABBITS AND CATS 


Final intra-ocular pressure read 20 min. after injection of Neptazane 
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Animal Neptazane Blood Pressure — 
(mg./kg.) (mm. Hg) Initial Final 
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Fic. 4.—Action of 50 mg./kg. Diamox injected 
intravenously into a rabbit (at black mark) 
20 min. after an intravenous injection of 50 
mg./kg. Neptazane (Neptazane caused the 
intra-ocular pressure to fall from 20 to approxi- 
mately 13 mm. Hg in 20 min.). 
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Fic. 5.—Effect of an intravenous injection 
of 50 mg./kg. of the inactive control 
compound of Neptazane on intra-ocular 
pressure, femoral arterial blood pressure, 
and cerebrospinal pressure of a cat anaes- 
thetized with Urethane. A 2 per cent. 
solution of the sodium salt of the 
compound was injected into the femoral 
vein at ¢=1 min. 


rabbits there was no change in the intra-ocular pressure after an intravenous injection of 
1 mg./kg. Diamox (Fig. 8). When Diamox was injected in a dose of 5 mg./kg. there was a 
significant fall in the intra-ocular pressure of four rabbits. Fig. 8 shows that the 
fall in intra-ocular pressure after the injection of Neptazane was not maintained; 
thus tonometric readings taken 60 to 120 min. after the injection approached the values 
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Fic. 6.—Effect of an intravenous injection of Fic. 7.—Effect of an intravenous injection 
50 mg./kg. of the inactive control compound of of 20 mg./kg. Diamox on the intra-ocular 
Diamox on intra-ocular pressure and femoral pressure and femoral arterial blood pressure 
arterial blood pressure of a cat anaesthetized of a rabbit anaesthetized with Urethane, 
with Urethane. 20 min. after an intravenous injection of 50 


mg./kg. of its inactive control compound. 
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Fic. 8.—Comparative action of Diamox and Neptazane on the intra-ocular pressure 
of conscious rabbits. 

Upper figure shows tonometric readings (Schiétz 7:5 gm. wt) before and after the 

intravenous injection of 1 mg./kg. Diamox at t=1 hr. 

Lower figure shows tonometric readings before and after the intravenous injection of 

1 mg./kg. (O——O) and 2 mg./kg. (@ @) Neptazane at t=1 hr. 
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recorded before the administration of Neptazane. This recovery was also observed ii 
rabbits given 5 mg./kg. Diamox and agreed with previous observations with this com- 
pound (Langham and Lee, 1957). An attempt to prolong the effect of Neptazane on the 
intra-ocular pressure by giving 5 or 10 mg./kg. Neptazane was not successful, for again, 
tondémetric readings taken 1 and 2 hrs after the injection indicated a marked recovery of 
the intra-ocular pressure. In manometric studies on three anaesthetized rabbits, an 
intravenous injection of 1 mg./kg. Diamox did not decrease the intra-ocular pressure, 
while a further injection of 1 mg./kg. 10 min. later caused a fall in the intra-ocular pressure 
in two out of the three animals. In similar studies on three other rabbits, an intravenous 
injection of 0-5 mg./kg. Neptazane did not cause a significant fall in the intra-ocular 
pressure within 10 min. in two animals, while a further injection of 0-5 mg./kg. led toa 
significant decrease in the intra-ocular pressure in both animals. In the third rabbit the 
intra-ocular pressure fell after the injection of 0-5 mg./kg. Neptazane. The effect of an 
intravenous injection of 1 mg./kg. Neptazane on the intra-ocular pressure of a rabbit is 


recorded in Fig. 9. 
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Fic. 9.—Effect of 1 mg./kg. Neptazane on intra-ocular pressure and femoral arterial 


blood pressure of a rabbit anaesthetized with Urethane. A 2 per cent. solution of 
the sodium salt of Neptazane was injected into the femoral vein at t=1 min. 


INTRA-OCULAR 
PRESSURE (mm. Hg) 
S 
° 


Aqueous Humour Formation.—The conclusion that Diamox can reduce the rate of 
formation of aqueous humour has been based on indirect evidence from tonographic 
studies, the rate of appearance of fluorescein in the area of the pupil after an intravenous 
injection, and the analysis of the distribution of certain compounds between the fluids 
of the posterior and anterior chambers. An opportunity to study in greater detail than 
hitherto the effect of carbonic anhydrase inhibitors on the rate of formation of aqueous 
humour came with the development of a technique whereby the volume of aqueous 
formed may be continuously recorded (Langham, 1958b). Typical results of the effect of 
Neptazaneand Diamox on the rate of formation of aqueous humour in anaesthetized rabbits 
are recorded in Fig. 10 (opposite). The rate of aqueous humour formation was unaffected 
by the intravenous injection of 50 mg./kg. of the inactive control compounds. In con- 
trast, an intravenous dose of as little as 1 mg./kg. Neptazane caused a rapid and signifi- 
cant decrease in the rate of aqueous humour formation in all of three rabbits tested. In 
these animals the rate of aqueous humour formation approached a new steady-state 
value in 10 to 15 min. Under similar experimental conditions an intravenous injection 
of 1 mg./kg. Diamox caused no significant fall in the rate of aqueous humour formation, 
but a positive effect was observed in two rabbits injected with 2 mg./kg. 
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(a) 


(b) 


(c) 








o 5 10 IS 20 25 30 35 
TIME (min.) 


Fic. 10.—Rate of formation of aqueous humour of rabbits before and after 
the intravenous injection of: 
(a) 50 mg./kg. of the inactive control compound of Diamox (at arrow) 
(6) 5 mg./kg. Diamox (at arrow) 
(c) 1 mg./kg. Neptazane (at arrow) 
Intra-ocular pressure maintained at 35 mm. Hg (Schi6tz). 


Human Studies.—Here, the principal object was to compare the activities of Neptazane 
and Diamox on the intra-ocular pressure of normal subjects over a 24-hr period. Froma 
survey of the literature it appeared that it would be necessary to give 500 mg. Diamox by 
mouth to adults to obtain a maximal effect on the intra-ocular pressure. Thus Becker 
(1955) found that, in fifteen eyes of ten subjects given 500 mg. Diamox by mouth, the 
mean intra-ocular pressure fell from 17-6 to 14-6 mm. Hg in 3 hrs, which corresponds to a 
decrease of approximately 50 per cent. in the rate of aqueous humour formation, on the 
assumption that the outflow resistance and the recipient episcleral venous pressure 
remained unchanged. In comparison an oral dose of 250 mg. has been reported to 
cause a fall of only 1 to 3 mm. Hg in the eyes of normal subjects carrying on their 
usual activities (Grant and Trotter, 1954). In the first series of experiments, which are 
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recorded in Fig. 11, four normal adult subjects and three patients with a diagnosis of 
chronic simple glaucoma were given 500 mg. Diamox every 6 hrs, and the intra-ocular 
pressure was determined periodically. In all eyes there was a significant fall in the 
intra-ocular pressure which showed no evidence of recovery during the 24-hr experimental 
period. 
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Fic. 11.—Effect of Diamox on intra-ocular pressure of normal (O——O) and glaucomatous 
; (@—@) human eyes. 

The points for normal eyes represent the means from a pair of eyes; values for the glaucomatous 

eyes represent the mean from one eye. 

Three of the four normal subjects were given 500 mg. Diamox orally at 4-hrly periods. The 

fourth normal subject and the three glaucomatous patients were given an initial intravenous 


injection of 500 mg. Diamox followed at 4-hrly periods by 500 mg. taken orally. 





In a further series of experiments, 250 mg. Diamox were administered twice daily for 
3 days, and the intra-ocular pressure was measured at regular time intervals during the 
day. The results recorded in Table II (opposite) indicate that in these conditions the intra- 
ocular pressure fell by an average of 1-7 mm. Hg. These two sets of observations are in 
agreement with the findings reported by Becker (1955) and Grant and Trotter (1954). 

The results of studies on normal subjects and glaucoma patients given Neptazane in 
doses of 250 or 125 mg. twice daily, are recorded in Table III (opposite). In all six normal 
subjects, the intra-ocular pressure fell by 3 to 4 mm. Hg within 2 hrs and remained at this 
lowered level over the experimental period of 24 hrs, In those subjects given 250 mg., the 
intra-ocular pressure was found to remain low for more than 18 hrs after the last dose. 
In the two subjects given 125 mg., the intra-ocular pressure was depressed for over 12 hrs, 
but showed signs of recovery after 16 hrs. No side-effects were noted in these subjects. 
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TABLE II 
EFFECT OF 250 mg. DIAMOX GIVEN TWICE DAILY ON THE INTRA-OCULAR 


PRESSURE OF NORMAL ADULTS 


Numbers of readings in brackets 
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Subject 
No. 


Mean Intra-Ocular Pressure 





Before giving Diamox 


Calculated from Readings taken 
periodically during 2 to 3 days after 
the First Dose of Diamox 





DANhwne 





14-4 +0-24 (5) 
13-9 +0-59 (8) 
15-0 + 0-62 (5) 
13-4 +0-75 (4) 
14-0 + 0-54 (4) 
15-2 +0-31 (7) 





13-4 +0-24 (7) 
12-1 +0-35 (7) 
13-4+0-35 (8) 
10-4 +0-37 (5) 
12-7 + 0-16 (7) 
13-3 +0-62 (3) 











TABLE III 


EFFECT OF TWO DOSES OF NEPTAZANE GIVEN AT AN INTERVAL OF 12 HRS 
ON THE INTRA-OCULAR PRESSURE OF NORMAL AND GLAUCOMATOUS* EYES 
































s “ Intra-Ocular Pressure t 

ase . . ose 

No. Diagnosis (mg.) After Neptazane 

Initial 
1-5 hrs 4 hrs | 24 hrs 25 hrs 

1 Normal 250 17 13 13 13 14-5 
2 Normal 250 20:5 17:1 17 17 16°5 
3 Normal 250 16°0 12 13 12 — 
4 Normal 250 18-0 14 14 14-5 14-5 
5 Normal 125 18-5 16 16 15 18-5 
6 Normal 125 18 15 15 14 18 
7 Glaucoma 250 30 26 22 23 — 
8 Glaucoma 250 26 23 23 20 — 
9 Glaucoma 125 35 30 22 — — 

















* The glaucoma patients were under miotic treatment before and during the course of these observations. 
t Intra-ocular pressure was recorded with a Schiétz X-tonometer. 


In the glaucoma patients, a fall in intra-ocular pressure was observed within 1 to 2 hrs 
after 250 or 125 mg. Neptazane. No side-effects were noted except in the patient given 
125 mg. who experienced a tingling sensation in her feet and hands. 


Discussion 
The observed effects of carbonic anhydrase inhibitors on the intra-ocular 


pressure indicate that in animals and man Neptazane is two to three times 
more active than an equal weight of Diamox. As the molecular weights 
of these two inhibitors are very similar, this conclusion also holds when 
doses are expressed in equimolecular weights. In rabbits and cats the 
minimal dose of Neptazane that induced a fall in the intra-ocular pressure 
and in the rate of aqueous humour formation was | to 2 mg./kg., while in 
similar experiments 2 to 5 mg./kg. Diamox were required to give the same 
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results. In human subjects the values were similar, the minimal doses of 
Neptazane and Diamox needed to produce a fall in the intra-ocular pressure 
being approximately | to 3 and 3 to 7 mg./kg. respectively. 

In attempting to assess the comparative activity of Neptazane and Diamox 
beyond their immediate action on the intra-ocular pressure, one is faced by 
apparent differences in the reaction of man and animals to these inhibitors, 
and also by the fact that the optimal conditions necessary to sustain the 
action of these inhibitors on the glaucomatous human eye have not yet 
been completely clarified (Campbell, Jones, Renner, and Tonks, 1957). In 
the experiments on rabbits, evidence of a partial recovery of the intra-ocular 
pressure was observed within 2-3 hrs of an injection of Neptazane, and it 
is uncertain to what degree this represented a recovery in the rate of aqueous 
humour formation or an increase in the outflow resistance (see Langham, 
1958a). 

The results of the studies on man confirmed the conclusion of Grant and 
Trotter (1954), that the intra-ocular pressure of normal subjects might be 
depr essed for days by the periodic administration of Diamox, and also 
suggested that the effects of Neptazane were similar in this respect. The 
action of Neptazane was of particular interest in that the effects of a 250-mg. 
dose lasted for at least 20 hrs, while a dose of 125 mg. depressed the intra- 
ocular pressure for more than 12 hrs. By way of comparison after a single 
dose of 250 mg. Diamox the intra-ocular pressure of normal subjects 
recovered within 6 to 8 hrs (Campbell, Tonks, and Jones, 1956). 

The specificity of the reactions of Neptazane and Diamox on the eye is 
evident from the observations made with the control compounds which have 
very similar chemical structure but no carbonic anhydrase inhibitory activity 
and which do not reduce the intra-ocular pressure. From these findings 
and the conclusion that Neptazane is more active than Diamox in causing 
p a fall in the intra-ocular pressure, it would appear probable that the ability 

of carbonic anhydrase inhibitors to lower the intra-ocular pressure could be 
assessed from their activity in vitro. 

The transient changes in the blood pressure and intra-ocular pressure 
caused by the rapid intravenous injection of Neptazane, Diamox, or theif 
control compounds, were almost certainly caused by the alkaline properties 
of their sodium salts. All these compounds act as fairly strong buffers in 
the pH range of 7-0 to 10-0, and, as solutions of their sodium salts have a 
pH of 9-0 to 10-0, some rise in blood PH at the site of injection must have 
taken place. This explanation is consistent with the observation that the 
transient pressure changes were not seen when the compounds were injected 
slowly. 

The direct measurements of the rate of formation of the aqueous humour 
demonstrated unequivocally that carbonic anhydrase inhibitors can cause 
a fall in the rate of flow, and they confirmed previous conclusions based on 

the indirect procedures of tonography (Becker and Constant, 1955), fluor- 
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escein appearance times (Langham and Lee, 1957), and chemical analysis 
(Becker, 1956). The fall in the rate of aqueous humour formation took 
place immediately after the injection of the inhibitor, and the time course 
of these changes agreed closely with those which took place in the intra- 
ocular pressure. It is therefore probable that the fall in intra-ocular pressure 
in this initial stage is determined completely by the decreased rate of forma- 
tion of the aqueous humour. 


Summary 


(1) This investigation deals with the influence on the eye of Neptazane, 
a new carbonic anhydrase inhibitor. In particular, an attempt has been 
made to compare its activity with that of the well-known carbonic anhydrase 
inhibitor, Diamox. In further experiments, the specificity of the reaction 
of these two compounds in decreasing the intra-ocular pressure and the rate 
of formation of the aqueous humour have been studied with the aid of com- 
pounds having similar chemical structure but possessing no inhibitory 
activity. 

(2) From manometric records of the intra-ocular pressure and blood 
pressure of rabbits and cats, it was found that Neptazane in a dose as small 
as | mg./kg. lowered the intra-ocular pressure independently of the blood 
pressure. In this respect it appeared to be two to three times more active 
than Diamox. Similar effects were observed in conscious rabbits, a tono- 


metric technique being used to estimate the intra-ocular pressure. Relatively 
high doses of the control compounds did not influence the intra-ocular 


ressure. 
: (3) The effect of these compounds on the rate of formation of the aqueous 
humour has been determined by a new technique which allows direct 
measurement of aqueous humour formation in conditions of constant 
pressure (Langham, 1958b). With this procedure it was found that 
Neptazane caused an immediate decrease in the rate of aqueous humour 
formation in rabbits and cats after an intravenous injection of 1 mg./kg., 
whereas a positive effect was not obtained with Diamox with doses less than 


2 mg./kg. The time course of the change in aqueous humour formation 


was found to agree closely with that of the fall in intra-ocular pressure. The 
control compounds did not influence the rate of formation of the aqueous 
humour. 

(4) In human subjects, Neptazane was found to decrease the intra-ocular 
pressure of normal and glaucomatous eyes, and to be effective at a lower 
dosage than Diamox. A single dose of 250 mg. Neptazane was found to 


depress the intra-ocular pressure for a period of at least 20 hrs. 


I should like to express my deep appreciation to Prof. Cogan and Dr. M. Grant for giving me 
the facilities to do this study, and to Prof. T. Maren for his advice. 1 am also indebted to the 


Alfred P, Sloan Foundation for financial help towards the cost of the equipment used in this 
udy. 
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BENZOCAINE-URETHANE SOLUTION IN 
OPHTHALMOLOGY * 


BY 
P. A. GRAHAM 


Department of Ophthalmology, Manchester University 


BLEPHAROSPASM, whether due to reflex irritation, habit, or disease of the 
central nervous system, presents a constantly recurring problem to the 
ophthalmologist. In certain types of this condition where the cause is 
intractable and no resolution is to be expected, it is sometimes possible to 
relieve the spasm by the injection of alcohol, either into the orbicularis 
(Fumagalli, 1909) or into the facial nerve behind the mandible (Benedict, 
1942). Both these procedures, however, may produce a permanent impair- 
ment of function and are therefore undesirable in the treatment of a ble- 
pharospasm which is due to temporary reflex irritation, and logically the 
ideal treatment of this type of blepharospasm is that of the source of irritation. 
This, however, may be difficult and prolonged, and the blepharospasm itself 
may prove a source of embarrassment in treatment in addition to contributing 
substantially to the discomfort of the patient. Constant blepharospasm 
makes adequate examination and local treatment more difficult, and is 
frequently responsible for a vicious circle of congestion and further irritation 
which delays resolution even in the face of suitable treatment. It seems, 
therefore, that there is a place in the treatment of such conditions for an 
agent capable of producing an impairment of conduction in the VIIth nerve 
of longer duration than the commonly-used preparations, but which never- 
theless permits a return to normal function after a period of weeks during 
which treatment and examination may be carried out free from the difficulties 
attendant on constant blepharospasm. Such a preparation can also, of 
course, be used in the treatment of chronic blepharospasm of unknown or 
intractable origin, and also as a retrobulbar injection in the case of intractable 
pain. In both these instances, however, its limited period of action is a 
disadvantage, and the use of alcohol for a permanent effect may be pre- 
ferable. 

From time to time in the past, various agents have been used for the 
induction of prolonged nerve block. Some, of which probably the best 
known is Proctocaine, are oily preparations and difficult to handle, requiring 
warming and the use of large-bore needles. More recently a preparation of 
much lower viscosity which deposits the active agent in crystalline form has 
been introduced under the name Efocaine (Puderbach and Shaftel, 1952). 


* Received for publication October 7, 1957. 
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This preparation offers more promise, but has the drawbacks of being fairly 
expensive, and of causing complications such as permanent paralysis and 
anaesthesia (Roualle, 1952; Oldham, 1953; Shapiro and Norman, 1953). 
The use of a benzocaine (para-aminoethyl benzoate) urethane solution for the 
induction of prolonged anaesthesia was first reported by Rapaport (1946) 
and Spira (1946). This solution depends for its action on the property of 
urethane in preventing crystallization of a saturated solution of benzocaine 
within certain limits of concentration. On dilution by tissue fluids, however, 
crystalline benzocaine is deposited in the tissues, giving rise to a depot the 
action of which though localized, persists over a prolonged period. This 
solution is stable, is easily prepared in a hospital dispensary, and has no 
serious side-effects in the dosage used, even if accidental intravenous in- 
jection should occur (Kohn, Rutter and Vitali, 1954). Being of low vis- 
cosity, it is easily injected through the finest needle, and though in theory dry 
sterilized needles have been recommended to prevent blockage, in practice it 
has been found that boiling is satisfactory if the needle is rinsed rapidly with 
the solution before use. 


Technique 


Preparation of Solution.—Crystalline benzocaine is added to a 40 per cent. 
solution of urethane in distilled water in the proportion of 2 per cent., gentle 
heat-being used to dissolve the benzocaine. After standing for 24 hours the 
solution is filtered and sterilized by autoclaving. The solution keeps well and 
remains sterile. 


Injection.—Injection of the solution around the upper branches of the 
facial nerve as they cross the neck of the mandible has been found more 
satisfactory than the van Lindt method, which requires rather more solution 
and is not so effective, since the very localized action may result in some 
fibres remaining unaffected. Although it has been stated that a 2 per cent. 
solution does not penetrate the neurilemma and does not give rise to motor 
paralysis (Davidson, 1953), this concentration has been found satisfactory 
in practice. As the solution causes some pain immediately after injection, 
1-5-2 ml. procaine is injected as a preliminary procedure. 

The injections are made with a 2-ml. syringe and a 16-gauge needle just 
below the condyle of the mandible as identified by palpation, care being taken 
to insert the needle right down to the periosteum. Normally it has been 
found that three depots of 0-5 ml. each are sufficient (Figure, opposite). 
After injection, the area is massaged for about 30 seconds. There is often a 
complete facial paralysis immediately after the injection, through diffusion of 
the procaine, but this wears off rapidly and only occasionally is more than 
minimal weakness to be observed in the lower facial branches thereafter, 
though a thoroughly effective block inevitably results in some paresis of the 
lower facial muscles. 
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FiGurE.—Reference points for location of depots. 
Results 


Facial Blocks.—The results of a consecutive series of 26 facial blocks for 
blepharospasm are summarized in Table I (overleaf). The initial effect was 
roughly assessed in each case 24 hours afterinjection. The paresis was assessed 
as either “‘good’”’, “‘fair’’, or ““poor”; in every case some paresis could be 
detected, though in some classified as “poor” the duration was short and 
the object of the injection was not achieved. In two cases classified as 
“good”, the patient developed a paralytic ectropion which resolved com- 
pletely over a period of weeks. The response was classified according to 
whether subjective relief was obtained or not and to whether the causal 
condition improved after injection or not. 


Subjective Effect.—In all of the cases in which a good paresis was obtained, 
the patient reported relief from discomfort of blepharospasm, though not, 
of course, relief of all symptoms. It is notable that even cases where the 
paresis was assessed clinically as only “fair”, subjective relief was often still 
reported. As would be expected, none of the cases showing a poor paresis 
obtained relief. In Cases 12/13, 18, and 19, the blepharospasm was not 
accompanied by any obvious source of irritation. Of these, two had spasm 
persisting after operation though the eye had become white and quiet, and 
one had bilateral uveitis without corneal involvement, in which there seemed 
to be no reason for spasm. In all three cases the spasm was relieved by 
injection and did not return. 

Tn the one case of Meige’s. median spasm treated, temporary but, as 
expected, no permanent relief was obtained. 

In one case the injection was given before intracapsular cataract extraction 
in a patient who had developed violent blepharospasm after extraction in 
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TABLE I 
RESULTS OF FACIAL BLOCKS IN 26 CASES 




















+43 Result 
gg Diagnosis - med Duration (wks) 
4 Subjective Objective 
1 Kerato-uveitis ae re Good Good Good 14 
2 | Acid burn of cornea .. | Good Good . Good 12 
3 Acid burn of cornea Fe Fair Good Good 12 
4 | Phlyctenular keratitis .. | Good Good Good >4* 
5 Phlyctenular keratitis a Good Good Good 12 
6 | Phlyctenular keratitis .. | Good Good Good 10 
7 Phlyctenular keratitis ee Poor Nil Nil 24 hrs 
8 | Phlyctenular keratitis .. | Good Good Good 12 
9 Phlyctenular keratitis ee Good Good Good 8 
10 Metaherpetic keratitis .. Good Good Good 8 
11 Vascularizing keratitis .. Fair Good Poor 1 
12 | Blepharospasm following 
cataract extraction oh Poor Nil Nil 24 hrs 
13 Blepharospasm following 
cataract extraction ...| Good |. Good Good 12 
14 Vascularizing keratitis .. | Good Good Nil 10 
15 Kerato-uveitis ig ae Good Good Nil 10 
16 Meige’s median spasm .. Fair Good Fair 4 
17 Rosacea keratitis .. Poor Nil Nil Few hrs 
18 Chronic blepharospasm 
cata .. | Good Good Good >2* 
19 Uveitis a ? fs Good Good Good > 6* 
20 Metal burn as bs Fair Good Good 8 
21 Mooren’s ulcer .. 3 Poor Nil Nil 24 hrs 
22 Mooren’s ulcer... ap Good Good Nil 6 
23 Recurrent keratitis ih Good Good Good 16 
24 Hypopyon ulcer .. Good Good Nil 20 
25 | Blepharospasm following 
lamellar graft .. ‘ Fair Slight Nil Still present 
26 | Radiation keratitis .. | Good Good Good Still present 











* Failed to keep appointment. 


the other eye. A bilateral block was performed, and both operation and 
subsequent convalescence were uneventful. 

The solution would appear to be of use where difficulty in dressing is to be 
expected, and avoidance of post-operative blepharospasm is desirable. One 
of the cases of phlyctenular keratitis had a spastic entropion which was 
relieved on the abolition of spasm. 


Effect on Causal Condition.—This is much more difficult to assess, as all 
cases in which an obvious cause was present were undergoing treatment 
concurrently with the injection. It is, therefore, difficult to know whether 
an improvement in the days succeeding injection is purely the result of local 
or other treatment or is in part related to the paresis. It is not, of course, 
to be expected that relief of the blepharospasm will be in any sense curative 
of, for instance, an active keratitis, though, as mentioned above, the relief 
of congestion and increased efficiency of local treatment may speed resolu- 
tion. In most cases this is the most that can be claimed for the method. 
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In phlyctenular keratitis, however, its effect appears to be more direct, 
possibly because of the very intense blepharospasm associated with this 
condition. In all cases of this latter where a good paresis was obtained, 
rapid improvement with whitening of the eye was observed. Later re- 
currences were not of course prevented and were accompanied by a return 
of spasm. 


Retrobulbar Injection.—The solution was also used as a retrobulbar 
injection in cases of painful blind eye which could safely be treated without 
enucleation. Here the sole criterion of success was the subjective relief 
obtained. In three of these cases there was considerable local reaction to 
the injection, with some chemosis and proptosis, which subsided after a few 
days. These results are summarized in Table II. 











TABLE II 
SUMMARY OF RESULTS OF RETROBULBAR INJECTIONS IN NINE CASES 
Case No. Cause of Pain Initial Result Final Result when Last Seen 
1 Absolute glaucoma Good No pain; 4 mths 
2 Atrophic uveitis Improved Pain in 2nd division of Vth nerve 
3 Absolute glaucoma Improved Enucleation for pain after 1 mth 
4 Radiation keratitis Good Good; 9 mths 
5 Secondary glaucoma Good Recurrence after 6 mths 
5a Secondary glaucoma Good Good; 2 wks (repeat on No. 5) 
6 Absolute glaucoma Nil Enucleation for pain after 1 wk 
7 Absolute glaucoma Improved Slight pain; 10 mths 
8 Hypopyon iritis 
Secondary glaucoma Good Good; 9 mths 
9 Dislocated lens 
Absolute glaucoma Good Enucleation for pain after 4 wks 
| 














Of eight cases so treated, five obtained relief, and have been followed up 
for periods of up to 10 months without recurrence. In one case no relief 
at all resulted. Two eyes were enucleated for recurrence of pain after one 
month, and in one case there was slight improvement but residual pain in 
the 2nd division of the Vth nerve. The origin of the pain in this last case 
was obscure, and it is doubtful if the patient was suitable for treatment 
either by injection or by enucleation. As mentioned above, the limited 
duration of action may be a drawback in the use of this method for the relief 
of chronic pain, alcohol probably being superior. In this connexion, 
however, it is worth while to note that the effect of succeeding injections has 
been found to be progressively longer in duration (Kohn, Rutter, and Vitali, 
1954). The question of superiority or otherwise over alcohol on a long- 
term basis remains to be settled. 


Summary 


The use of a benzocaine-urethane solution as a nerve-blocking agent in 
ophthalmology is discussed. The results of a series of cases treated by 
38* 
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blocking of the VIIth nerve or by retrobulbar injection are discussed. The 
method is of value in cases where blepharospasm renders adequate examina- 
tion and treatment difficult, and may be of value in the treatment of chronic 
ocular pain. 


I should like to thank Mr. O. M. Duthie and Dr. A. Stanworth for allowing me to treat these 
cases, and for their comments on this paper. 
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CYBERNETICS OF OCULAR MOVEMENT* ° 


BY 


D. STANLEY-JONES 
Hayle, Cornwall 


CYBERNETICS has been defined as “‘the control of machines by machines 
instead of by men” (Stanley-Jones, 1957). Its meaning embraces also the 
pattern of that control. A cardinal notion is the concept of feed-back. 
This may be simply explained by reference to the most familiar example of 
cybernetic control, the thermostat of an electric iron. 

An electric iron is a machine for converting electricity into heat. It has 
accordingly, like all machines, an input and an output. The thermostat is 
the little machine that controls the big machine. It is actuated by the out- 
put, that is the temperature of the iron, switching on and oif as this falls or 
rises. It acts on the input. This pattern of cybernetic control, whereby 
changes in the output (temperature) are made to cause corresponding but 
inverse changes in the input (current), is known as feed-back, or, more 
elegantly, as refection. 

The refection in the thermostat of an electric iron is so designed that the 
output or working-temperature may be controlled within pre-set limits. It 
is a pattern of control the purpose of which is the maintenance of stability. 
It may therefore be called stabilizing refection (“‘negative feed-back”’). 

A thermostatic apparatus could be constructed with the wiring reversed, 
so that, in the terminology of the engineer, the feed-back becomes positive. 
Suppose the connexions of an electric iron were reversed, so that the current 
was switched on when the heating-surface passed the upper limit of tempera- 
ture and switched off as it cooled. Two possibilities arise, depending upon 
the initial setting. 

If the thermostat is switched on, the iron continues to heat up until it has 

passed the upper safety-limit. The thermostat, its wiring reversed, fails in 
its stabilizing duties: the current remains on. The iron gets hotter and hotter, 
and in due course may become red-hot, set fire to the ironing-cloth and then 
to the whole house, and so end by causing its own destruction. 
: If the thermostat, on the other hand, is switched off, and the temperature 
IS falling, the iron will lose heat until it falls below its proper working- 
temperature. The thermostat fails in its task of switching on, and the iron 
will cool to room-temperature and remain there. 

These two sequels of positive feed-back are known as “runaway”: run- 
away to maximum,runawaytozero. Botharedue to a reversal of the normal 
pattern of stability-control or refection. Although the end-results are so 


*Received for publication December 9, 1957, 
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different, they issue from the same cause, namely reversal of feed-back, 
operating in two different circumstances. 

Certain other cybernetic propositions must be briefly mentioned. An 
oscillation invariably demands negative refection. This may be illustrated 
by the pendulum. The input or motive force is gravity; the output is angular 
displacement. The restoring force is almost directly proportional to the 
displacement (the criterion of true simple harmonic motion), that is, the 
input is coupled to the output and by virtue of its direction is patterned on 
negative or stabilizing feed-back. No positive circuits exist, and the risk of 
runaway is absent. 

An oscillation arising in a previously stable or non-oscillating system may 

_ be due to one of two causes. If the oscillation is symmetrical, the fault lies 
in a delay or time-lag in the cybernetic circuit which (apart from the delay) 
continues to function more or less normally. If the oscillation is asym- 
metric, two circuits must be postulated, one for each half of the cycle. An 
asymmetric oscillation is sometimes due to the total failure of one circuit, and 
its replacement by another and less efficient means of cybernetic control. 

These elementary propositions of cybernetics are the key to the under- 
standing of a great many patterns of control in the physiology of muscles. 
The obvious mechanical analogy to the muscles and movements of the eye- 
ball is the radar-directed searchlight. The specific properties conferred by 
radar-direction are that the beam of the searchlight seeks the target and, 
having found it, follows it. The output must be measured, not as a candle- 
power, but as the distance-from-goal, or angular displacement between the 
beam and its target. The input is the power that operates the controlling 
machinery of the equipoised lantern. The cybernetic structure of this 
apparatus is designed to keep the error or distance-from-goal to a minimum. 
Refection is negative, and leads to stability at zero error (which is not the 
same as runaway to zero). 


Ocular Movements 
The applications of this illustration to the mechanics of ocular fixation are 
elementary, and will not be further discussed. Two problems, which have 
not yet been explained in terms of conventional physiology, have yielded to 
cybernetic analysis: these relate to coalminers’ nystagmus, and to the 
oculogyric crises of encephalitis lethargica. 


Coalminers’ Nystagmus.—‘‘The origin of coalminers’ nystagmus has never 
been satisfactorily explained. Some hold that it is primarily psychoneurotic, 
whereas others suggest that the chief cause is using the eye at levels of illu- 
mination below the threshold of perception by the cones, with the result that 
the fine normal scanning movements of the retina are grossly exaggerated 
because the macula is in effect blind and the eye has only peripheral vision at 
these low intensities of light ... Coalminers’ nystagmus may be a type of 
disuse atrophy of the visual function from lack of light” (Browne, 1951). 
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This latter view is confirmed by the experimental production of nystagmus 
in young animals kept in the dark. Chimpanzees reared from birth in 
darkness developed nystagmus (Riesen, 1950). Puppies similarly reared 
developed nystagmus in times ranging from 10 to 48 days (Ohm, 1916). 
Kittens kept in the dark from the age of 4 to 6 weeks developed oscillations of 
the eye in 4 weeks (three kittens) and 7 weeks (one kitten); they recovered 
after one week in the light (Browne, 1951). 

The first step in the cybernetic analysis of a problem such as nystagmus is 
to determine the variables (the input and output) which are coupled by feed- 
back. Comparison with the searchlight suggests that the output is the error 
or distance-from-goal, the input the co-ordinated tonus of the oculomotor 
muscles. This simple scheme, however, although it will account for a sym- 
metrical oscillation such as Parkinsonian tremor (Stanley-Jones, 1955), fails 
to explain the asymmetry of the oscillation which is a characteristic feature of 
many forms of nystagmus. It is necessary to postulate two cybernetic systems 
acting in opposite directions to account for an asymmetric oscillation. 

The problem of nystagmus as an asymmetric oscillation arising in a pre- 
viously stable system is exemplified in the tabetic gait. The physiology of 
this condition is familiar, and it is a simple matter to translate it into cyber- 
netic terms. 

The feed-back in normal walking arises in the stretch-receptors in the 
muscle-spindles, and is transmitted to the higher centres by the ascending 
tracts of the spinal cord. The purpose of these receptors is to signal the 
degree of muscular stretch, and to inhibit further activity of the anterior- 
horn cells when the movement has completed its range. If these refectory 
impulses should be blocked, the motor cells in the cord are bereft of the infor- 
mation necessary for their task, and the muscles overshoot their mark. The 
upward lift of the foot in the tabetic gait is due therefore to failure of the 
normal or intrinsic feed-back. 

What is it that brings this upward lift to a halt, and throws the movement 
intoreverse? The visual cortex is held to account for the greater part of stability 
in a tabetic. When the eyes are shut, balance is even more precarious 
(Romberg’s sign) and walking is virtually impossible. This visually directed 
source of stability is not brought into play in normal circumstances, it takes 
no part in the unconscious postural reflexes and their intrinsic feed-back. 
It is therefore an extrinsic feed-back mediated by the visual cortex, which 
Teplaces (in tabes) the intrinsic refection of the spinal cord. 

The cybernetic structure of the tabetic gait is thus an asymmetric oscillation 
brought about in a previously stable system by the failure of intrinsic re- 
fection, and its replacement by an extrinsic circuit—extrinsic, that is, to the 
formerly self-sufficing cybernetic controls. It is to be noted that the intrinsic 
refection mediated by the lower centres (spinal cord) has a low threshold, or 
high sensitivity to error as distance-from-goal, whereas the refection mediated 
by the higher centres (visual cortex) has a high threshold or low sensitivity to 
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error. The system which replaces the physiological feed-back, althoug): 
deriving from higher centres, is less efficient in the correction of error: hence 
the stamping gait and wide excursions of the feet in lieu of their even placing 
in normal walking. 

Applying this now to the problem of nystagmus: the output, as before, is 
error or distance-from-goal, which has to be reduced to zero by negative 
feed-back. In walking, the goal is the ground; in seeing, the goal is mon- 
ocular centring (as with the searchlight) or binocular fixation. The intrinsic 
feed-back has its origin in the cones of the macula, their low threshold and 
fine spacing being the measure of macular acuity. It is this feed-back from 
the cones of the central fovea which has failed in miners’ nystagmus; and the 
failure is due to disuse atrophy of the fixation reflexes caused by constant 
staring at the featureless blank which is the darkly illumined coal-face. 

The extrinsic circuit which comes into play when the macular vision fails 
has its origin in the rods of the retinal periphery, the low response of which 
to matters of detail renders them ill fitted to serve the purpose of fixation. 
Their proper role in the physiology of vision derives from their high sensitivity 
to faint light—which is the craft-secret of the night-watchman and the look- 
out man, who use peripheral rather than central vision to spot blurred objects 
or slight. movements in the dark. The nystagmic miner brings his eyes back 
from their rolling excursions under the control of peripheral vision, which 
comes into play only when the distance-from-goal is large. 

The two unequal halves of the oscillations of nystagmus are explained, as 
in tabes, by two separate cybernetic systems. The slow outward swing and 
the upward lurch of the feet are due to the failure of the intrinsic feed-back 
with its high sensitivity to error. The correcting jerk of the eyes and the 
stamping of the feet are brought about by an extrinsic and unwonted feed- 
back which comes into action only when the error is pathologically large. 

The asymmetric oscillations of nystagmus and tabes may be briefly 
contrasted with the symmetrical oscillations of tremor, shivering, and 
trembling. These three varieties of muscular oscillation can be explained, 
not by the failure of one circuit and its replacement by another, but by a 
delay or time-lag introduced into the otherwise unimpaired cybernetic 
controls. The muscle overshoots its mark because the signal to stop arrives a 
fraction of a second too late. This overshooting of the mark is registered as 
error or distance-from-goal, and negative refection, with its sensitivity un- 
diminished, now comes into play in the opposite direction (but still negative 
in sign): again an overshooting of the mark occurs and the cycle of the 
tremor completes its return phase—symmetrical with the first because the 
same circuit, with the same delay, is operative (Stanley-Jones, 1955). 

Symmetrical oscillations, in short, are due to a delay, and asymmetric 
oscillations to a failure, of negative refection. 

The cybernetic principle which explains an oscillation as a failure of 
negative or stabilizing feed-back is also exemplified in the movements of the 
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pupil. Closure of the pupil in response to a bright light is usually a smooth 


change from one position to another, with little or no oscillation. The reflex 
that brings this about arises in the retina, and the threshold is much lower in 
the central cones than in the peripheral rods (De Launay, 1949). If the beam 
of a slit-lamp is directed to the outer regions of the retina which have a low 
sensitivity for the pupillo-motor reflex, the pupil responds by a long series of 
oscillations, up to two hundred or more (Campbell and Whiteside, 1950). 


. The normal feed-back mediated by the low threshold cones has been replaced 


by an abnormal feed-back mediated by the high threshold rods, and the 
oscillation indicates a breakdown of stability. 


Parkinsonism.—In certain circumstances, sometimes naturally and at 
other times only in disease, muscles can exhibit a runaway. This must 
necessarily be due to positive or self-exciting refection somewhere in the 
neural circuit. The oculogyric crises of post-encephalitic Parkinsonism can 
be explained on these lines. 

In an oculogyric crisis there is an attack of eye-rolling, usually upwards, or 
upwards and inwards, lasting anything from a few minutes to several hours. 
The patient is completely incapacitated, being virtually blinded by the ex- 
treme upward retreat of the eyes under cover of their lids, leaving only the 
whites still visible, and is unable to bring the eyes down to their proper 
position. These crises occur in no other disease, nor in any variety of Parkin- 
sonism other than that associated with lesions of the substantia nigra. 

The upward and inward direction of the spasm is noteworthy. It repre- 
sents the total resultant of spasm of the muscles controlled by the third 
nerve, lacking the downward component of the fourth and the outward 
component of the sixth. Rarely, all three nerves are involved, and when thus 
balanced the eyes lock centrally in a fixed stare (Walters, 1954). 

Certain familiar details of anatomy are relevant here. Of the two princi- 
pal forms of paralysis agitans (Parkinson’s original disease, and that due to 
encephalitis lethargica), only the latter presents these oculogyric crises. The 
post-encephalitic variety is due to disease of the substantia nigra, which is 
often untouched in true Parkinsonism (Stanley-Jones, 1956b). The sub- 
stantia nigra is penetrated by the fibres of the third cranial nerve, but not by 
the fourth and sixth nerves. 

The oculomotor muscles are lavishly supplied with stretch-receptors and 
muscle-spindles. In spite of many assertions to the contrary, “neuro- 
muscular spindles are obvious and constant features of all the human extra- 
ocular muscles” (Merrillees, Sunderland, and Hayhow, 1950). There is 
one sensory spindle to about every five muscle-fibres, for in no set of muscles 
is there greater need for extreme precision and delicacy of control. The 
tefectory supply is proportional to the required accuracy of movement: the 
levator of the eyelid has the smallest supply (Merrillees and others, 1950), and 
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the inferior rectus used for reading and in close handwork has the richest 
(Cooper and Daniel, 1949). 

In oculogyric crises the eyes move always conjugately, never erratically or 
independently. It is certain therefore that disease of the substantia nigra 
does not irritate the outgoing motor fibres, as this would cause irregular 
movements of one eye only. If it affects the nerves at all, it must act by 
setting up a temporary irritation of the sensory fibres coming in from the 
stretch-receptors, thereby throwing out of gear the goal-seeking mechanisms 
needed for binocular vision. 

The usual result of the disturbance of cybernesis is a runaway to maximal 
and un-coordinated effort on the part of all the muscles supplied by the 
third nerve, a generalized spasm leading to the extreme and sustained up- - 
turning which is the typical crisis. Less frequently, oscillations are set up, 
known as myoclonic spasm, wherein the eyes move rhythmically in one 
direction or the other (Duke-Elder, 1949). Ina series of 59 cases in which the 
direction of spasm was observed, there were 44 patients whose eyes turned 
up, two only whose eyes moved to the side, and thirteen whose eyes moved 
up and/or down (Hall, 1931). Nystagmus-like movements of the eyes are 
commonly observed during the crises. 

The cybernetic explanation of the ocular symptoms in encephalitis 
lethargica is supported by the presence of other forms of oscillation. Oscil- 
lation, it will be recalled, invariably demands negative feed-back. The true 
oculogyric crisis occurs only in about 20 per cent. of patients (Hall, 1931), and 
myoclonic spasm is much less frequent. A third anomaly, blepharoclonus, 
occurred in 96 per cent. of one series and in 92 per cent. of another. “On 
closing the eyelids, the lids are thrown into a series of rapid clonic move- 
ments, of fairly large amplitude. These clonic movements are regular in 
their rate and amplitude, and persist so long as voluntary closure of the eye- 
lids is maintained. When the eyelids are closed in sleep, no movements are 
seen” (Cooper, Daniel, and Whitteridge, 1955). This last observation 
tallies with the belief that tremor in general is due to a defect of the anti- 
gravity augmentor system, which relaxes its tonus during sleep (Stanley- 
Jones, 1956a). It is presumably a cybernetic failure of the refectory fibres 
of the third nerve, arising in the muscle-spindles of the augmentor system and 
traversing the diseased tissue of the substantia nigra, that is responsible for 
these characteristic features of post-encephalitic Parkinsonism. 







































Psychomotor Symptoms.—One of the most baffling features of the oculo- 
gyric crises, as also of nystagmus, is the relation of these purely physical and 
muscular spasms to outbursts of emotion. They are often precipitated by, 
or appear simultaneously with, attacks of acute fear or anxiety, or paroxysms 
of screaming and crying. During the attack, the patient may be acutely 
depressed, perform repetitive obsessional movements, or be occupied by 
obsessional thoughts. He may also have ideas of persecution which are 
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characteristic of paranoia, the form of insanity due to deeply unconscious 
hate. These emotions of fear, anxiety, and hate, together with the accom- 
panying screaming, are of orthosympathetic origin and therefore carry in 
them the pattern of positive or runaway refection (Stanley-Jones, 1957). 

Emotional outbursts are also a feature of coalminers’ nystagmus. The 
psychic aspects of the two diseases have much in common. The same 
precipitation into an uncontrolled runaway may coincide with or follow the 
onset of an attack. This may sometimes be brought about to order, by 
asking the miner to hold his head askew in just that position which brings 
on his symptoms, and which is usually the position he has to hold while 
working at the coal-face. ‘‘ We stand the man up in front of a window, place 
our hands behind his head and ask him to look up. Soon he begins to 
tremble, first in his neck muscles, and then perhaps in his arms, and even all 
over his body. The neck muscles become rigid, and the eyes converge strong- 
ly. He struggles to get away, and complains that he cannot bear it any 
longer” (Butler, 1939). 


Discussion 
Nystagmus and the oculogyric crisis have therefore six features in common: 
nystagmus itself, spasm of the oculomotor muscles, fluttering of the eyelids, 
tremor, rigidity, and psychic symptoms of acute anxiety. Yet no two 
diseases could be more unlike in their aetiology. Oculogyric crises occur 
only in Parkinsonism that follows a virus-infection of the brain. Nystagmus 


occurs chiefly as an occupational disease in an otherwise healthy miner. 
The clinical manifestations of the two symptoms are totally unlike, and there 
is no possibility of confusing one with the other. Only their cybernetic 
structure is similar: six symptoms in common which, combined in differing 
patterns, constitute two entirely separate diseases. 

Such a coincidence of symptoms in no less than six points in two diseases 
of radically different origins, as far as external causes are concerned, must 
surely point to an underlying pathology incommon. In thecase of the oculo- 
gyric crises, there is an interference with ocular refection by toxic or second- 
ary damage to the third nerve as it traverses the substantia nigra. With 
nystagmus, ocular refection is upset by the replacement of a normal by an 
abnormal feed-back, namely macular by peripheral vision. 

The system of refectory control is more highly organized in the oculomotor 
muscles than anywhere else in the body. It is therefore at this site that it is 
most likely to break down from trivial defect. For this reason no micro- 
scopic evidence is yet available to support the cybernetic theory of ocular 
disease. Moreover, the two diseases, not being fatal, rarely come to autopsy. 

The anatomical route of spread of this runaway refection may at least be 
conjectured. The lowest co-ordinating centre for the incoming messages 
from the muscle-spindles, in which the refection is disturbed, must lie in or 
near the oculomotor nuclei in the midbrain. Ascending pathways convey to 
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the cortex proprioceptive information about the resulting position of the eyes. 

Three areas of frontal and pre-frontal cortex may be concerned, namely 
Areas 6, 8, 9-plus-10. Area 6 gives rise on stimulation to slow writhing 
movements resembling torsion-spasm. Area 8 is the headquarters of the 
voluntary ocular movements. Areas 9 and 10 are suspected of being 
implicated in the completely purposeful movements of obsessional neurosis 
and mania (Le Beau, 1951). If the sensory information of muscle-position 
from the oculomotor muscles ultimately reaches Area 8, a spreading of the 
disturbance backwards will involve Area 6 and bring on the torsion-spasms; 
a spreading forward will encroach on Areas 9 and 10 and set in being the 
compulsive patterns of thought and action. 





















The site of the cell-bodies of the afferent fibres which mediate this refection 
from the oculomotor muscles is still undetermined. The oculomotor nerves 
differ from the typical series of spinal nerves in having only motor roots. 
There is no separate posterior, sensory root, and nothing corresponding to 
the posterior-root ganglion. This anomaly has caused an endless amount of 
speculation, both in searching for the missing sensory fibres and in explaining 
away their presumed absence. 

It is now known for certain, on purely theoretical grounds, that these fibres 
must exist. Distally, the muscles themselves have a rich supply of muscle- 
spindles and other types of sensory organ to set in motion the refectory 
impulses so essential for binocular vision. Ascending electrical impulses 
brought about by stretching the muscles have been recorded in the oculo- 
motor nerve. There is no trace at the upper end of the nerve, however, of 
the fibres which convey ascending refection, nor is there any suggestion of a 
sensory nucleus. 

The import of these morphological difficulties lies in its relation to the 
proposed explanation of the oculogyric crises in terms of cybernetics. These 
attacks occur only in disease of the substantia nigra. They can be caused 
only by damage to the incoming refectory nerves or blockage of their 
ascending impulses, as they traverse this diseased part of the midbrain. It is 
essential therefore, if this theory is to be accepted, that the physical where- 
abouts of these missing fibres should be established: it must be proved that 
they do in fact pass with the outgoing motor fibres through the substantia nigra. 

Recent work has thrown doubt on this very point. Dr. Sybil Cooper and 
her colleagues have established that the refectory impulses leave the main 
trunk of the third nerve and continue their upward journey into the brain 
along the trunk of the fifth nerve. Their further course within the substance 
of the brain is not easy to follow. In two regions only could they be detected 
with certainty: both regions were among the fibres or nerve-cells of the fifth 
nerve (Cooper, Daniel, and Whitteridge, 1955). As this nerve lies nowhere 
near the substantia nigra, it is difficult to explain how disease of the latter 
nucleus can account for the’ oculogyric crises. 
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The threatened impasse may be circumvented by a study of the fibre- 
population of a typical motor nerve. Only about 50 per cent. of the fibres 
in the spinal motor nerves are actual motor fibres carrying descending im- 
pulses from the anterior-horn cells to the muscles. The remainder are 
concerned with proprioceptive feed-back, travelling in both directions to 
complete a refectory circuit. 

The muscles around the eye have a greater need of absolute accuracy in 
their control than any other group, and they have a richer supply of spindles; 
their nerves, presumably, would carry a larger ratio of sensory to motor 
fibres than any other motor nerves in the body. The sixth cranial nerve 
which supplies the lateral rectus is as large (in the foetus) as the nerve which 
supplies the gluteus maximus. The ratio of muscle-volumes, however, is 
1 to 74, the coarse muscle needing only this fraction of the delicate control 
needed by the muscles of the eye (Stibbe, 1929). Relative to the size of its 
muscle, the sixth nerve is the largest in the human body (Whitnall, 1932). 

The route taken by some, at least, of these ascending fibres in escaping 
from the main trunk of the oculomotor nerve has been ascertained. There 
are some minute branches passing between the third and fifth nerve in their 
passage through the cavernous sinus (Whitnall, 1932). These branches are 
so small that many standard text-books on anatomy ignore them, or give 
them only a brief notice in small print. It has been established, however, 
that these small neural offshoots from the oculomotor nerves do in fact 
convey the necessary feed-back (Whitteridge, 1955). The cell-stations of 
these nerves would be in one or other of the nuclei of the fifth nerve, pre- 
sumably in that of its mesencephalic root. If this hypothesis is correct (and 
it seems well founded), the pathway of proprioceptive refection does not 
traverse the substantia nigra. 

There are quantitative considerations, however, which cannot be ignored. 
These variant branchlets of the oculomotor nerve are small, indeed minute, 
compared with the main trunk: there is no question of the nerve splitting, in 
a more or less equal dichotomy, as it ascends toward the brain. Now the 
probability is great that at least half of the bulk of the oculomotor nerve is 
concerned with refection. The minute branchlets leaving it to join the fifth 
nerve can account for only a fraction of that half. A considerable residue of 
proprioceptive fibres must therefore be left in the trunk of the third nerve, 
and will travel with it through the substantia nigra. It is this residue of 
ascending cybernetic fibres which, it is believed, is secondarily affected by 
encephalitis lethargica, with the production of the oculogyric crises. 


Summary 
Cybernetics is the pattern of control of machines by machines, instead of 
bymen. Certain cardinal notions are stated relating to negative and positive 
tefection (feed-back). Oscillation demands negative refection with a defect 
or time-lag. If the oscillation is symmetrical, there is a defect in one 
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cybernetic circuit; if asymmetrical, two circuits are involved, one for each 
phase of the cycle. Runaway, whether to infinity or zero, is necessarily due 
to positive refection. These propositions are exemplified in the thermostat, 
the pendulum, and the radar-directed searchlight. 

Coalminers’ nystagmus is an asymmetric oscillation caused by the replace- 
ment of the normal intrinsic refection from the low-threshold retinal cones 
with their high sensitivity to error, by an abnormal extrinsic refection from 


high-threshold peripheral rods. 

The tabetic gait has cybernetically an identical structure: the normal 
intrinsic refection from the low-threshold muscle-spindles is replaced by an 
abnormal extrinsic refection from the sense of vision (as in Romberg’s test). 

Pupillary oscillations may be obtained by throwing the beam of a slit- 
lamp onto the retinal periphery, which excites an abnormal cybernetic cir- 
cuit with high threshold (or time-lag) for the pupillo-motor reflex. 

Oculogyric crises are due to muscle-spasm or runaway to maximum. 
There is an interference with the cybernetic or proprioceptive impulses from 
the oculomotor muscles. 

Six points of similarity between nystagmus and oculogyration indicate a 
common pathology, namely disorganization of ocular feed-back. 

Emotional symptoms in both diseases may be explained in terms of 


cortical anatomy. 
The anatomical pathways of cybernetic impulses from the oculomotor 


muscles are discussed. A small fraction of the ascending fibres is known to 
leave the third nerve and to join the fifth. The larger residue travels in the 
third nerve through the substantia nigra. The damage to this nucleus in 
post-encephalitis is the cause of the oculogyric crises. 
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HISTOLOGICAL SIGNIFICANCE OF HEMISPHERICAL 
BODIES IN THE EYE* 


BY 


N. ASHTON anp A. F. M. MOHAMED 
Department of Pathology, Institute of Ophthalmology, University of London 


THE first reference in the literature to hemispherical bodies is that of von 
Hippel (1928) who, in describing the histological appearances of a glauco- 
matous eye, wrote: “hemispherical figures in Bowman’s membrane are 
numerous, their significance unknown” (Fig. 1). Similar bodies were later 
observed by Wolff and Lyle (1937) in sections from an eye with old traumatic 
retinal detachment and secondary glaucoma. These structures were numer- 
ous and situated actually within the membrane immediately beneath the 
epithelium, where they appeared fairly homogeneous and more or less 
hemispherical; they varied in size up to 10 microns and their flattened bases 
were in contact with the epithelium. These workers concluded that hemis- 
spherical bodies were hyaline in nature and probably derived from degenera- 
tive products of the corneal epithelium or perforating nerves; glaucoma 
probably played some part in their formation but their exact cause was still 
unknown. 


Fic. 1.—Section of Zenker- 
fixed eye, showing hemispher- 
ical bodies in Bowman’s 
membrane. Haematoxylin 
and eosin x 450. 


Stimulated by these observations, Talbot (1938) studied 32 consecutive 
eyes fixed in Zenker’s fluid, and found hemispherical bodies in fourteen 
cases, all of which presented evidence of glaucoma; moreover, these bodies 
were not found in cases presumed to have normal ocular tension. As a 
result of this investigation Talbot concluded that hemispherical bodies in 
Bowman’s membrane could be found in every eye in which high tension had 
existed for more than a few days, and in which tension remained raised up 
to the time of excision. Thus the suggestion of Wolff and Lyle (1937) that 
hemispherical bodies were related to raised ocular tension gained some 
support, and Wolff (1951) subsequently described them in his text-book as 
pathological features of glaucoma, and further stated that they might become 
calcified and then be extruded (Wolff, 1944, 1951). 





* Received for publication November 29, 1957. 
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We first began to doubt the validity of these views some years ago whilc 


examining a large series of eyes from autopsy examinations of premature 
babies. Numerous hemispherical bodies were found in one case in which 
there was no other ocular abnormality; it so happened that one of the eyes of 
this infant had been fixed in Zenker’s fluid and the other in formol saline, 
and that hemispherical bodies were present only in the eye fixed in Zenker’s 
fluid. Nor was it reassuring to find them one day in the cornea of an eye 
from an apparently normal trout (Fig. 2). Although it must be admitted 


that the problem is not:of great importance, it seemed of interest to investi- 
gate the matter further, especially in view of the accqunt given in Wolff’s 


text-book. The findings will be considered under the four main questions 
which arise. 


sy 


Fic. 2.—Section of Zenker-fixed eye 


of a trout, showing hemispherical 
bodies between the epithelium and 


cornea (separated through artefact). 
x 600. 


(1) Distribution of Hemispherical Bodies (Fig. 3, opposite) 

It should first be pointed out that hemispherical bodies are by no means 
confined to Bowman’s membrane, for we have found them frequently on the 
retinal surface (Fig. 3a), and less commonly in the deep layers of the cornea, 
on its endothelial lining (Fig. 3b), on the iris, on the ciliary epithelium, in the 
lens capsule (Fig. 3c), on Bruch’s membrane, and on the optic disc (Fig. 34). 
In fact, the hemispherical shape of these bodies is apparently determined 
merely by their apposition to a flat surface; associated structures may be 
found as rounded or morular bodies in the anterior chamber, in the vitreous 
and subretinal spaces, or free in the uveal (Fig. 3e), retinal, or even in orbital 
tissues. More irregular-shaped bodies may also be seen, and a large variety 
has been observed, particularly in the vitreous, where they may occur with 
brown or black pigmented centres, arranged in groups, or surrounding 
inflammatory cells. Wolff (1951) distinguished between hemispherical bodies 
in Bowman’s membrane and the round or irregular structures seen else- 
where, which he termed “fibrin bodies”. They are, however, of the same 
nature; in fact, Wolff himself believed that hemispherical bodies were derived 


from fibrin. 
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Fic. 3.—Sections from Zenker-fixed eyes, showing hemispherical or spherical bodies. 
(a) On the retina. x 333. 
(6) In the cornea near Descemet’s membrane. x 600. 
(c) In the lens capsule. x 266, 
(d) At the optic disc. x 600. 
(e) Inthe uvea. x 400. 


(f) Rabbit eye injected with plasma before fixation. Two bodies may be seen; 
vant in the anterior chamber and hemispherical on Descemet’s membrane. 
x fe 
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(2) Relation to Fixation in Zenker’s Fluid 

It was the custom at Moorfields Eye Hospital before 1948 to fix all eyes as 
a routine in Zenker’s fluid, but after that date formol saline was employed. 
Hence the collection of slides at the Institute of Ophthalmology provided a 
ready opportunity to investigate our suspicion that hemispherical bodies 
might be a product of Zenker fixation. Of 1,000 sections examined which 
were prepared before 1948, 77 showed hemispherical bodies or similar 
structures. Of 300 sections examined which were prepared after that date, 
seven were positive, and it was found, on checking from the records the fixative 
used, that all these seven cases had in fact been fixed in Zenker’s fluid. Thus 
in no instance were hemispherical bodies or related structures found in for- 
ma)in-fixed material and it would appear that their association with Zenker’s 
fixation is certain (Wolff’s “haemoglobin bodies” are not discussed here, as 
we find them indistinguishable from Russell bodies, which are not, of course, 
the result of Zenker fixation). 


(3) Relation to Glaucoma 

Although hemispherical bodies are found in cases of glaucoma, especially 
where inflammatory exudate is present within the anterior chamber or the 
vitreous or both, they are not restricted to such cases, for we have found 
them in normal animal and human eyes and in a large variety of unrelated 
pathological conditions (e.g. trauma, malignant melanoma), where the ocular 
tension was known to be normal or low. Moreover, as mentioned above, 
they occur outside the globe. Analysis of the sections in which hemispherical 
bodies were found showed that they were nearly always associated with 
haemorrhage or inflammatory exudate, and may therefore not infrequently 
be found in cases of secondary glaucoma. 

In our study, no evidence was obtained to support the idea that hemi- 
spherical bodies in Bowman’s membrane were in any way related to perforat- 
ing nerves. The histological appearances suggest rather that the protein 
component of the hemispherical body originates by extrusion from the lymph 
spaces between the basal cells of the corneal epithelium during the shrinkage 
of fixation. If so, this may provide some explanation for their reported inci- 
dence in glaucoma wherein these intra-epithelial lymph spaces may be much 
engorged. 


(4) Nature of the Bodies 

In view of the above findings, hemispherical bodies appear to be of no 
particular pathological significance, and there seemed little purpose in 
attempting a detailed histochemical analysis of their composition. That 
they occur in Zenker-fixed material but not in formalin-fixed material of 
itself suggests that these bodies may be protein precipitates. We have 
found that identical structures may be demonstrated in stained smear- 
preparations of precipitates obtained by adding Zenker’s fluid to blood 
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plasma, and that of the ingredients in Zenker’s fluid only mercuric chloride 
produces these precipitates. Finally, in rabbits’ eyes injected with plasma 
and fixed in Zenker’s fluid, round bodies were found free in the anterior 
chamber and vitreous; they appeared hemispherical when seen on Descemet’s 
membrane or upon the retinal surface (Fig. 3/). 


Conclusion 


Hemispherical bodies in Bowman’s membrane and spherical fibrin bodies 
seen occasionally in eye sections are of the same nature. 

They are not restricted to cases of glaucoma and may be found in a large 
variety of conditions and even in normal eyes. They are, however, particu- 
larly liable to form when the protein content of the ocular tissues is raised— 
as after haemorrhage or inflammatory exudation. 

In a study of 1,300 eye sections, these bodies occurred only in Zenker- 
fixed material, and they are probably no more than mercury proteinates 
formed at the time of fixation. 

Apart from indicating the high protein content of the tissues and the use 
of a mercury fixative, they have no histological significance of value. 
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INTRA-OCULAR FOREIGN BODY*+ 


BY 


WALTER J. LEVY 
Johannesburg 









IN the 10 years 1946 to 1955, 816 cases of intra-ocular foreign body were 
admitted to Moorfields Eye Hospital, and 272 of them, which are analysed 
in this report, have been followed up for at least 3 years, no other method 
of selection being used. If the out-patient notes were not sufficiently up to 
date, a letter was written to the patient at his last known address asking him 
to re-attend for examination, and in some instances other hospitals kindly 
supplied recent information on transfercases. The average period of follow- 
up was 5 years (range 3-10). 

Cause of Injury.—Although it is usually stated that hammer and chisel accidents 
are the commonest cause of foreign body penetration, the present survey confirms 
the statement of Roper-Hall (1954) that a solitary tool, brsacgid a hand hammer, 
is the most frequent cause (Table I). 















TABLE I 
CAUSE AND NUMBER OF EXCISIONS 
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Hammer 3 
Explo- Miscel- | Un- 
Cause Tool — Iron pai Copper ; Glass |Wood Ceodae | Baawe 
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Nature of Foreign Body.—Four of the foreign bodies successfully removed were 
non-magnetic, and nine non-magnetic bodies were retained. Fourteen of the 
excised eyes also had retained non-magnetic foreign bodies. The size and site of 
the foreign body were not estimated in relation to prognosis. 


Side Affected.—The left and right eyes were found to be equally affected. 








Treatment 


In 171 cases the anterior route was used in removing the foreign body, 
and in 63 the posterior route—a ratio of nearly 3:1. There were nineteen 
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eyes with retained foreign body. In 52 cases the eye itself had been excised. 
(These 52 cases represented the total number of excised eyes in the whole 
series of 816 cases of intra-ocular foreign body admitted during the 10-year 
period.) No perception of light was found in twelve eyes; these were 
equally distributed between those approached by the anterior and posterior 


routes. 
The anterior route was used in 149 of the eyes retained; 45 (30-2 per cent.) 


had a clear lens, 35 (23-5 per cent.) a localized lens opacity, and 69 (46-3 per 
cent.) a total cataract. 

The posterior route was used in 52 of the eyes retained; 28 (53-8 per cent.) 
of these had a clear lens, nine (17-3 per cent.) had a localized lens opacity, 
and fifteen (28-9 per cent.) were cataractous (Table II). 


TABLE II 
STATE OF THE LENS 
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Local Opacity 


Cataractous 





Per cent. 


No. 


Per cent. 


No. 


Per cent. 


Total 





Route 


Anterior 


30-2 


35 


23°5 


69 


46:3 








Posterior 


53-8 


9 


17:3 


15 


28-9 





Retained Foreign Body 


25-0 


5 


25-0 


10 


50-0 





Total 











49 








94 











Results 


The results, assessed in terms of visual acuity and retention of the eye, 
compare favourably with those described in Roper-Hall’s extensive survey, 
especially the percentages in the 6/18-and-better group; 56-5 per cent. of 
our series fell into this group, the nearest approach to this being the 54 per 
cent. of 1,952 cases in Roper-Hall’s own series (Roper-Hall, 1954). 


Visual Results (Table III).—These indicate that the group in which the 
anterior route was used was far superior to that in which the posterior route 
was used (cf. Roper-Hall, 1954). With a clear lens, 71-2 per cent. of the 
anterior route group and 46-4 per cent. of the posterior group achieved 6/9 
or better; in the cataractous cases the ratio was 14-5 per cent.:6-7 per cent. 
In the presence of a clear lens, the anterior group would be favoured by 
including more cases with a limited original injury. However, when the 
group with a localized lens opacity is considered (i.e. cases tending to have 
smaller intra-ocular foreign bodies, in which the depth of penetration was 
similar and both the anterior and posterior routes were used) the visual 
results again favour the anterior route. By the anterior route, 62-9 per cent. 
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had 6/9 or better and 88-6 per cent. had 6/24 or better, whereas by the 
posterior route 55-6 per cent. had 6/9 or better and 55-6 per cent. had 6/24 
or better. Roper-Hall (1954) states that the patients who did not return 
for treatment were invariably those with satisfactory vision and quiet eyes; 
therefore a long-term follow-up such as that in the present series is biased 
towards poorer results. 














TABLE III 
VISUAL RESULTS AND STATE OF LENS 
















Route of Removal | | 
Total Foreign Bodies 

















































































Total Retained (19) 
Anterior (149) Posterior (52) — 
| ROO Local 
Visual Acuity oca a 
Clear aaah Cararact} Clear } oo Cataract Clear — —_ 
Pe Pe P Pe! P Pe! P Pe! P to,| Pel 
No. cent. No. cent. No. cent. No. cent. No. cent. No. cont. No, cent. No. cent. No. cent. No. cent. 
No Perception of 
Light 2| 4:4] 0] 0 4} 5-9} 3|10-7; 0] 0 3| 20-0} 12} 6-0/0 0| 0 0; 0} 0 
<6/60 5] 11-1] 2] 5-7|33]47-8| 7] 25-0| 2 | 22-2] 7|46:6| 56/27-9| 1 | 25} 1} 20) 4{ 40 
6/60 to 6/36 1} 2-2] 2] 5:7] 7} 10-1} 3] 10-7] 2 | 22-2] 1] 67] 16) 8-0/0 0| 0 0; 3) 30 
6/24 to 6/12 §| 11-1] 9|25-7}15| 21-7} 2] 7:2} 0] 0 3|20-0| 34/169} 1 | 25} 1 | 20] 2} 20 
6/9> 32 | 71-2 | 22} 62:9| 10] 14-5|13| 46-4| 5 | 55-6) 1| 6-7] 83] 41-2} 2 | 50/3 | 60; 1] 10 
Total | 45 | 35 69 28 9 15 201 4 5 10 












































Enucleation.—Gross ocular injury accounted for the immediate excision 
of four eyes, and of a further seven within 2 weeks. 

Panophthalmitis caused the excision of thirteen eyes, five of which had a 
hypopyon when admitted, and six of which were cataractous; the foreign 
body was approached by the anterior route in nine of these cases and by 
the posterior route in four cases. 

Thirteen eyes were excised because they were irritable or dangerous (eight 
of them being cataractous); in eight the anterior route was used and in five 
the posterior. These eyes were excised after an interval of at least 1 month. 

In the fifteen remaining eyes of the total of 52 excised, the foreign bodies 
were retained, five of them being non-magnetic. In ten of the fifteen eyes, 
the excision was necessitated by infection or severe uveitis and three eyes 
were phthisical. Only one case of siderosis was found in those examined 
histologically. 






















Retained Foreign Bodies.—Nineteen eyes not removed had retained intra- 
ocular foreign bodies, nine of which were non-magnetic. The visual results 
were similar to those in which the anterior route was used (Table III). No 
case of siderosis was discovered (although this complication was specifically 
looked for), but one case of chalcosis was noted and three cases had 
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hypopyon. One patient had a retained intra-ocular foreign body for 
28 years and despite a retinal detachment still maintained 6/6 vision. 


Operative Technique 


The various surgeons practised a number of techniques; the following 
plan was the most commonly used and the one which I also found the most 
effective. Where the lens was cataractous, the foreign body was removed 
immediately by the anterior route. If the lens was clear or there was a 
localized lens opacity, the foreign body was first located, unless it could 
easily be seen in the lens or vitreous, when the anterior route was employed, 
invariably within 2 days after admission. 


Anterior Route.—Maximal pupillary dilatation was achieved with Phenyl- 
epherine 10 per cent. and adrenaline (1:2,000) drops, with cocaine 4 per 
cent. for anaesthesia. The patient sat in front of the giant Haab magnet 
with the eye close to the magnetic point, directing the gaze so that the 
foreign body would be drawn towards the nearest area of the zonule. Once 
it was there, the position of the eye was changed so that the foreign body 
emerged between the pupillary margin and the lens. The patient then lay 
on the operating table and after the usual preliminary measures, the foreign 
body was removed, either through the original wound of entry or through 
an incision made with a keratome. 


Posterior Route.—General anaesthesia was usually employed. After 
localization, a surface diathermy current was applied over the site of the 
foreign body and over the site of the proposed scleral incision between the 
two parallel lines of a preplaced mattress suture. This procedure was 
followed in 26 of the 51 cases in this group. 


Complications 


In only one case of removal by the anterior route in this series did a clear 
lens become cataractous post-operatively, and one developed a localized lens 
opacity. Development of total cataract has a profound effect on prognosis. 
If a localized opacity occurs (along the track of the foreign body or at its 
site of lodgement), the prognosis is good in that the opacity remains more 
or less stationary (Levy, 1958a). In the group in which the posterior route 
was used, fifteen cases had a total cataract of which only 6-7 per cent. 
attained a visual acuity of 6/9 or better. Of those treated by the anterior 
Toute, 69 were cataractous, and 14-5 per cent. attained a visual acuity of 6/9 
or better (Table III). This is only a potential result, since only four cases 
wore contact lenses in conjunction with an unaffected second eye; 32 of 
these cataractous cases had mature cataracts or dense posterior lens capsules, 
Which presumably would allow greatly improved vision if operated on. 
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Divergent squints were found in only eighteen cataractous cases, and four 
of these had their squint corrected. 

Iris prolapse occurred in 25 cases (9-2 per cent.), ten of them (40 per cent.) 
in excised eyes; 19-2 per cent. of the eyes excised had an iris prolapse. This 
emphasizes the opinion of Roper-Hall (1954) that iris prolapse is not 
infrequent in the presence of an intra-ocular foreign body. 

Hypopyon occurred in only 24 cases out of 272, including fifteen eyes 
excised because of gross infection (cf. fifty cases reported by Roper-Hall, 
1954). This low incidence is partly due to the sterile nature of the foreign 
body, but also to the early exhibition of large amounts of antibiotics. 

Only eight eyes became phthisical and five developed a secondary rise in 
ocular tension. 

Of the anterior group, 27 had persisting anterior synechiae, five of which 
had an attempted division failing. 

Of the anterior route removals, seventeen suffered a vitreous haemorrhage 
and 31 retinal damage. In this series no prognostic effect could be ascribed 
to vitreous haemorrhage, as retinal damage was noted in each case, without 
lens damage, in which the degree of visual acuity was low. Retinal detach- 
ment occurred in nineteen cases (9-5 per cent. of the successful removal 
cases); three (1:8 per cent.) of those removed by the anterior route, and 
sixteen (30-8 per cent.) of those removed by the posterior route. In only 
three of these latter was surface diathermy not applied before the detachment 
began. Retinal damage with or without retinal detachment caused 
diminished vision in four anterior route cases and sixteen posterior route 
cases. 


Route of Penetration.—The greatest number of foreign bodies had pene- 


trated the globe by way of the cornea (149 in the eyes retained or 67:7 per 
cent.). Of the cases with limbal wounds, as many achieved a good visual 
result as the rest: eighteen out of 31 cases with limbal wounds were in the 
6/9 group. Of the 52 excised eyes, only twelve had suffered limbal wounds, 
and scleral wounds were the most frequent. 

Corneal scarring played a minimal part in the visual result. More cases 
in the 6/9 group exhibited scarring than in the other groups, and in numerous 
cases with extensive (but not diffuse) corneal scarring the patient retained 
excellent vision. 


Discussion 
One-third of the cases with intra-ocular foreign body which were admitted 


to Moorfields during a decade are analysed in this review, and the anterior 


route of removal is seen to have been preferred to the posterior route in a 
ratio of almost 3:1. The anterior route achieved better visual results, 


although this must be balanced by the fact that in these cases the original 
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injury was frequently less severe than in those which required removal by 
the posterior route. However, when the series of cases with localized lens 
opacity—a group in which the injury was somewhat similar in extent and 
which was approached by both routes—is considered, the anterior route still 
shows a more favourable record: 88°6 per cent. of the anterior group 
achieving a visual acuity of 6/24 or better compared with 55-6 per cent. of 
the posterior. The overall results of the long-term follow up reported here 
(56-5 per cent. achieving a visual acuity of 6/18 or better, and only 52 
eyes out of 816 being removed) compare very favourably with all the series 
reviewed and analysed by Roper-Hall (1954). A less gloomy prognosis is 
indicated by the facts that six cases in ten recovered useful vision in the 
injured eye and that only 6-4 per cent. lost the eye. 

Moreover, the results in the present series have a pessimistic bias as the 
patients with satisfactory results tend to be lost from a long-term survey. 

Only two cases of a clear lens being damaged by anterior route removal 
are recorded. This figure may be a little low as peripheral lens change may 
be hidden from the observer’s view or a lens thought to be cataractous pre- 
operatively may in fact have been clear. 

An important point in anterior route removal is that the pupil must be 
dilated to the maximum to prevent the foreign body from becoming enmeshed 
in iris tissue. Once the foreign body is in the anterior chamber it should 
not be drawn across the underlying lens. 

The stability of a localized opacity in the lens (49 cases) is ‘noteworthy. 
It is emphasized here, as in another review by the present author (Levy, 1958b) 
of perforating injuries of the globe in the absence of an intra-ocular foreign 
body. The prognosis in such cases is heartening when that in cases with 
total cataract is considered. The development of total cataract or gross 
damage to the lens offers a poor immediate prognosis (only 10 per cent. in all 
groups achieving a visual acuity of 6/9), but few patients were wearing an 
aphakic correction and only four were wearing contact lenses. The potential 
vision in the cataractous cases would be very much better if all were operated 
on for their opacities, and in fact 32 cases had opacities which could be 
Cleared. The majority of these patients seemed to be able to manage a 
moderately difficult precision job as efficiently after their accident as before, 
though the sight of the injured eye was very poor. 

The cataractous eyes predominate in the group of eyes excised, partly 
because of the grosser injuries sustained, but also because of uveitis and 
irritability of the eye. 

In 34 cases of retained intra-ocular foreign body, fifteen eyes were removed, 
only one of which was developing siderosis. Those patients who retained 
the injured eye showed the same trend in the long-term results as those who 
had the foreign body removed. In two-thirds of the fifteen eyes removed, 
infection or severe uveitis had occurred. It appears that a retained ferrous 
or non-metallic intra-ocular foreign body may either remain almost inert 
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and not affect the prognosis, or may be very irritating and so lead to the 
loss of the eye. 

Frank infection or persistently severe uveitis is still the most important 
reason for the removal of an eye after injury. Over half the eyes removed 
were cataractous. 

The application of surface diathermy to the site of removal of the foreign 
body through the sclera seems ineffective in preventing retinal detachment 
—almost one-third of the cases in which the posterior route was used 
developed retinal detachment and only three of these had not had surface 
diathermy. 

The low incidence of severe infection can be ascribed to the use of intense 
early antibiotic therapy. Iris prolapse was found not to indicate the absence 
of an intra-ocular foreign body—more than one in ten cases in this series 
presented with a prolapse. Sympathetic ophthalmitis was not seen in the 
group under review. Limbal wounds were found to have no bearing on 
the prognosis. 


Summary 
272 cases of intra-ocular foreign body admitted to Moorfields Eye Hospital 
during the last decade and followed-up for at least 3 years (average 5 years) 
are reviewed. One exceptional case with a visual acuity of 6/6 has been 
watched for 28 years and is unchanged despite a retinal detachment. 
The anterior route for removal of the foreign body is preferred to the 


posterior route, and gives more favourable results. The low incidence of 
infection is noticeable. 


I should like to offer my thanks to the Surgeons of Moorfields Eye Hospital for their encourage- 
ment and permission to report these findings, and particularly to Mr. R. C. Davenport and 
Mr. E. S. Perkins for their advice and help. 
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FAMILIAL MACULAR DEFECTS* 
BY 
IRENE D. R» GREGORY 
London 


Tue description of individual disorders of the macula by various names 


has led to confusion. Several familial and hereditary macular diseases 
have been classified under the title of heredo-macular degeneration. In this 


category is Best’s disease, which is described as a familial congenital macular 
defect. This is a rare condition, characterized by retention of good central 
vision and lack of progression of the lesions. 

Varying degrees of abnormality of the macula have been noted in different 
members of the same family, the clinical appearances resembling those 


described in Best’s disease (congenital macular and paramacular atrophic 
defect). 


Case Reports 
Case 1, a boy aged 15 years, the first member of the family to be observed, was first seen 
in August, 1957. 

Records show that when the patient was examined in January, 1948, at the age of 6, 
he was found to have a left convergent squint and an unaided visual acuity of 6/36 in the 
right eye and 6/60 in the left. Retinoscopy under atropine cycloplegia revealed, in both 
eyes, hypermetropia of the order of 11 dioptres, and ‘“‘coloboma”’ at the macula. In 
February, 1955, when he was aged 13, the visual acuity with glasses was recorded as 6/18, 
6/12 partly in the right eye and 6/60, 6/36 partly in the left. 

When the patient was seen at Moorfields in August, 1957, the visual acuity in the right 
eye with +8-0/+1-0 90° was 6/36, and in the left eye, with +7-5/+1-0 90°, 6/24 partly. 
The ocular movements were normal, and the media clear. The right macular region 
showed a central atrophic area surrounded by a ring of pigment, which in turn was 
bordered by a band of atrophic retina (Fig. 1). In the left eye, a circular atrophic area, 
slightly larger than the disc, was apparent at the macular region (Fig. 2). 


Fic. 1.—Case 1, right eye. Fic. 2.—Case ‘1, left eye. 





* Received for publication November 8, 1957. 
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Examination with the Hruby lens confirmed the ophthalmoscopic impression of an 
atrophic lesion. 

Investigations carried out at the Institute of Ophthalmology in February, 1957, failed to 
reveal any evidence of systemic disease or infection which could be responsible for, or 
associated with, the eye condition. 


Case 2, a man aged 47 years, the father of Case 1, was found to have poor sight. He was 
employed on manual work, which was unexacting from the ocular standpoint, and could 
give no precise information as to the duration of his disability. In 1948, Mr. Gordon 
noted that the maculae of this patient showed a clinical picture similar to that seen in 
his son, and the visual acuity was then 6/60 in the right eye, and 6/36 in the left. The 
patient stated that, of recent years, the sight in the right eye had deteriorated. On 
examination the right eye was divergent, and the visual acuity was hand movements only. 
Fundus examination showed an extensive flat detachment inferiorly, with a typical “‘hole” 
at the macula. The left eye had an acuity of 6/36 partly, which was not improved by 
glasses. Ophthalmoscopically, a small ring of pigment with some irregular pigmentation 
surrounding it, was evident in the macular area (Fig. 3). 


Fic. 3.—Case 2, left eye. Fic. 4.—Case 4, left eye. 


Case 3, a girl aged 18 years, the elder sister of Case 1, was examined and found to have 
normal eyes. 


Case 4, a girl aged 12 years, a younger sister of Case 1, had eyes which were externally 
normal, but a marked esophoria was elicited on cover test. In the right eye, the visual 
acuity with correction was 6/9, and in the left eye 6/36. Fundus examination revealed 
spherical cystic swellings at both macular regions (see Fig. 4 and Fig. 5, opposite). The 
oedema was visible with the Hruby lens. 


Case 5, a girl aged 9 years, a younger sister of Case 1, showed a constant left convergent 
strabismus. The visual acuity in the right eye with correction was 6/6 partly. The media 
were clear, but the macula showed a slight swelling, much less than in Case 4. Un- 
fortunately a fundus photograph of this eye could not be obtained. The visual acuity 
in the left eye was reduced to “‘counting fingers’ at one foot. The fundus showed a 
clear-cut circular atrophic area at the macula, similar to that in the left eye of Case 1. 


Discussion 
The clinical appearance of the eye lesions in certain members of this 
family bear a close resemblance to those found in Best’s disease, which is 
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described as a congenital macular and paramacular atrophic defect. Accord- 
ing to Sorsby (1951), the eye lesions in Best’s disease are stationary, frequently 
with good central vision. 


Fic. 5.—Case 4, right eye. 


In this family, the eyes showing atrophic defects have poor central vision. 
The appearances in Case 4 are exudative rather than atrophic, and may 
represent an earlier stage of the atrophic lesions, in which event the condition 
is not a congenital one. In Case 5, the appearances in one eye strongly 
suggest an early exudative lesion, while an atrophic lesion is present in the 
other. The clinical picture in the right eye of Case 1 and the left eye of Case 2 
is consistent with the pigmentary reaction following the bursting of a retinal 
cyst. This supposition is strengthened by the finding of a macular “‘hole” 
in the right eye of Case 2, and suggests that some macular “holes” are in 
fact variants of Best’s disease. 


My thanks are due to Mr. Frederick Ridley for his encouragement and permission to record 
these cases and to the Illustration Department of the Institute of Ophthalmology for supplying the 
photographs and fundus painting. 
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PENETRATION OF SODIUM AND THIOCYANATE 
INTO THE POSTERIOR AND ANTERIOR CHAMBERS* 


BY 


V. EVERETT KINSEY Aanp ERIK PALM 
From Kresge Eye Institute, Detroit, Michigan, and Orebro, Sweden 


THE mechanism by which various constituents of the aqueous humour gain 
entrance to and exit from the posterior and anterior chambers has been 
studied extensively. In one such investigation (Kinsey and Palm, 1955), 
the rate of accumulation of the cation, sodium, and the anion, thiocyanate, 
was determined. Theoretical curves based on mathematical expressions for 
several possible modes of penetration into the two chambers were fitted to 
the experimental data, and values for the various coefficients of transfer 
were computed. Inferences were drawn concerning the modes of entrance 
to and exit from the two chambers. The results were in agreement with 
the idea that both ions enter the anterior chamber in a common manner, 
i.e. both by flow from the posterior chamber and diffusion (presumably 
through the iris blood vessels), but that they enter the posterior chamber by 
different means. The rate at which sodium accumulated in the posterior 
chamber was consistent with an hypothesis that this ion is transferred from 
the blood in a unidirectional manner, whereas that for thiocyanate suggested 
that a to-and-fro process from blood to posterior chamber is involved 
although no claim was made concerning the exact nature of the processes 
involved. 

Davson (1955) disagreed with these conclusions, chiefly because the 
calculations for the rate of accumulation of thiocyanate did not take into 
account the amount of the ion bound by plasma proteins. He expressed 
the view that our conclusion concerning the differences in the mode of 
entrance of thiocyanate and sodium depends “‘largely on the different steady- 
state distributions between plasma and aqueous humour that are reached by 
the two ions”. Since “the distribution ratio for the diffusible fraction of 
thiocyanate would become approximately unity were 25 per cent. of the 
thiocyanate to be bound”, he concluded “‘tentatively, that there is probably 
little in the kinetic studies described by Kinsey and Palm (1955) to suggest 
that the modes of penetration of the two ions, sodium and thiocyanate, are 


not fundamentally the same”. 


* Received for publication March 7, 1958. 
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In this paper, we wish to present further data on the question of binding 
of thiocyanate in the plasma, and to discuss Davson’s criticisms concerning 
the implications of thiocyanate binding with respect to our conclusions 
regarding aqueous humour dynamics. 

The question of the fraction of thiocyanate bound by plasma proteins was 
considered in our previous study. Analyses were made during the early 
part of this investigation to confirm a previously held belief by the authors 
and by others, including Davson, that approximately one-fifth of the thio- 
cyanate in the plasma is bound to protein. The results seemed to support 
this idea and our initial calculations used to quantitate the observations were 
made on this basis. 

As the investigation proceeded, we became less certain whether the dif- 
ference in the concentration of thiocyanate found in plasma and ultra- 
filtrates of plasma represented bound thiocyanate or was due to an artefact 
caused by some other colour-producing compound. A small percentage of 
binding seemed to affect our values very little. So, without denying the 
existence of a certain binding, we concluded that no “‘appreciable binding” 
occurred and made no adjustment of plasma levels for non-diffusible thio- 
cyanate in making calculations. 

Because of Davson’s contention that some thiocyanate is bound, we have 
performed additional studies involving dialysis experiments and ultra- 
filtration of plasma to which thiocyanate had been added. To determine 
thiocyanate, we used both the Aldrich method of analysis as recommended 
by Davson, and the ferric nitrate method which we had employed previously. 
Plasma was dialysed against saline containing 5 mg. per cent. thiocyanate, 
and plasma containing 5 mg. per cent. thiocyanate was ultrafiltered through 
cellophane under a pressure of 100 pounds per square inch. When em- 
ploying the ferric nitrate method, separate analyses were performed on the 
plasma to determine the contribution of colour produced by some substance 
present in plasma which was not thiocyanate. An appropriate correction 
was made in computing the concentration of plasma to which thiocyanate 
had been added. The correction amounted to less than 5 per cent. of the 
total in every instance. Excellent agreement was obtained by the Aldrich 
and the ferric nitrate methods of analyses, but greater blank values are 
found with the latter method. This deficiency of the method, however, 
was more than offset by the troublesome fading of colour with the Aldrich 
metiiod. 

The results of six experiments using ultrafiltration and six using dialysis 
show that the amount of bound thiocyanate varied from 11 to 25 per cent. 
(average approximately 20 per cent.). This value is in agreement with 
earlier results reported by Kinsey and Grant (1942), and, of more concern 
here, agrees reasonably well with those reported by Davson. We conclude 
that Davson is correct in his contention that some thiocyanate is bound to 
the plasma protein. However, as will be shown, this does not invalidate 
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our conclusion that the results are consistent with the hypothesis that the 
modes of entrance of sodium and thiocyanate into the posterior chamber are 
different. Actually, the flow rates computed on the basis of 20 per cent. 
binding are more consistent with those obtained by other methods of 
measurement. 

The data for thiocyanate were recomputed allowing for 20 per cent. 
binding of the thiocyanate to plasma. The results are shown in Fig. 1. 




































100 4 k, (om 
Sane “ts —_— on 
° 
ees 0125. 0128 —2 it 
e by os "t, 3 
60 e an) € 
e e e 
70 4 oS rr SU) 
E 60 7 * he 
z oh. 
2 4 a@ 
50 
Saws - ? Kot poor Kr. Nutt post en, 
3 40 7 ‘. yy 176 06255 
4 8 I72 055 13 
i 30 7 
= 204 
a 
ee 10 
pe GR ee ee er a A ome oe a Me ee a es oe | ai Roa aes lire, wie . 
© 20 40 60 80 WO. 0: MO 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 1200 


Time (MINUTES) 


Fic. 1.—Relative concentrations of thiocyanate in the aqueous humour of the anterior and 
posterior chambers, where the concentration in the plasma once the level had become essentially 
constant was arbitrarily set at 100 per cent. The lines represent numerical integrations of the 
data using the values for the coefficients of transfer as indicated on the graph. 


The open and filled circles represent sliding averages of the concentration 
of thiocyanate in the aqueous humour of the anterior and posterior chambers, 
respectively, relative to the plasma at various times after injection. The solid 
lines are curves resulting from numerical integrations of Equations | and 2 
representing entrance into the posterior chamber by diffusion from the blood, 
and into the anterior chamber by flow from the posterior chamber and 
diffusion from the blood. 





dcag. post. 
aa post = kaift. post. (Cpi. = Caq. post.) — KflowCaaq. post. 
— kaiff. post. En (Cag. post. - CEn.) Sa 
d 
2 “ag. aot =kflow Cag. post + kdiff. ant. (Cpl. - Cag. ant.) — Kflow Cag, ant. . . . « (2) 


The values for the coefficients of transfer are shown on the charts. 

Fig. 2 (opposite) shows the data obtained with Na24. In this instance, the 
lines were obtained from numerical integrations of Equation 3 for the data 
representing the posterior chamber and of Equation 2 for that representing the 








* The symbols recently proposed by Duke-Elder and Maurice have not been employed in order to facilitate com- 
parison with the previous paper. ey 

t In recalculating our data for SCN according to the recent method by Friedenwald and Becker (1956), figures within 
the same range were obtained (Kgow =0-009 an Kaige post. =0-012), 
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Fic. 2.—Relative concentrations of sodium in the aqueous humour of the anterior and posterior 
chambers, where the concentration in the plasma once the level had become essentially constant 
was arbitrarily set at 100 per cent. The lines represent numerical integrations of the data using 
the values for the coefficients of transfer as indicated on the graph. 


anterior chamber. Equation 3 describes entrance into the posterior chamber 
by a unidirectional process: 


dcag. post. 
oar = Ksec, post. Cpl. — Kflow Cag. post. — kaif. post. En. (Cag. post. — Cen.) 


. (3) 


Relatively good fits to the data were obtained by numerically integrating 
the differential equations outlined above, representing the entrance of Na 
into the posterior chamber by secretion and of thiocyanate by diffusion. 
Moreover, a relatively good fit is obtained to both sets of data by numerically 
integrating the equation representing a dual means of entrance into the 
anterior chamber, i.e. by a combination of flow from the posterior chamber 
and diffusion from the blood. It will be observed that the coefficient of 
transfer for flow out of the anterior chamber (kflow) now lies in the range 
of 0-010-0-0125, and that the present data, calculated with regard to a 
certain diffusibility, give rise to values for (kflow) in better agreement than 
previously with that based on the use of paraaminohippurate. 

The flow rate is somewhat lower than that which can be calculated from 
the data reported by Becker and Constant (1956), who determined the flow 
tate from experiments involving tonography and perfusion. They found 
the average flow rate to be 3-5 c.mm./min. This value would correspond 
to a kflow of 0-014, if it is assumed that the average volume of the anterior 
chamber of the rabbits employed was 250 c.mm. Considering the fact that 
the degree of fit to our data is not highly dependent upon the numerical 
value of kflow, the limitations of accuracy of tonography in particular, and 
the possibility that the average weight of rabbits employed in the two 
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different sets of experiments was different, the difference in flow rates, if 
any, is not considered to be significant. 

It remains now to re-examine the question of whether equally good fits 
to the data can be obtained by calculating the rates of accumulation of the 
two ions in question in the posterior chamber on the assumption that they 
penetrate in the same manner. Various values of the coefficients of transfer 
for sodium into the posterior chamber were assumed and the numerical 
integrations were carried out on the basis of assumed entrance by diffusion. 
In no case could we obtain a fit to the experimental data at both ends of the 
curve. For instance, if it is assumed that kaiff. post. has a value of 0-10, Kaow 
0-0625 and kaif. post. En. 0-085, a curve results which up to a time of 50 minutes 
corresponds well to the data. However, such assumptions lead to a steady- 
state value of approximately 60 per cent.—a value significantly below that 
found experimentally. If we substitute values for kgiff. post. sufficiently 
large to give rise to steady-state ratios of near unity, the resulting initial rate 
of accumulation is much too rapid. 

A reasonably good fit could be obtained for the thiocyanate data on the 
basis of assumed entrance by secretion using the values Kflow 0:0625, 
Ksec, 0-050, and kgiff. post. En. =0-043. 

The crux of the argument whether thiocyanate enters the posterior 
chamber by diffusion or secretion is not alone dependent upon the fit 
obtained to the data, but, as pointed out in the original paper, depends also 
on the degree of, correspondence between the values computed for the 
relative ratio of the effective volume of the environment to posterior 
chamber using both sodium, and thiocyanate data. This ratio may be 


computed from Equation 4. 


Ven. _ kaiff. post. En. 

Vpost. ‘diff. post. En. 
where k’ diff, post, En, is the coefficient of transfer for the filling of the lumped 
environment. 

Since the value of k’diff, post.En. for thiocyanate as determined experi- 
mentally was 0-00575, and that for kaifr. post. En. Was 0-043, the ratio of the 
two coefficients is 7:5. The corresponding ratio for sodium, however, is 
22 (0-085/0-00384). The ratio for thiocyanate, assuming entrance is by 
diffusion, in which case kaif. post. En. 18 0°13, 1s 23, a value in close agreement 
with that found for sodium. 

It seems quite unlikely that the effective environment for thiocyanate 1s 
one-third that of sodium, In fact, Davson has suggested that the environ- 
ment for thiocyanate is larger than that for sodium rather than smaller. 

Thus, it is concluded that the data are, in fact, consistent with the hypo- 
thesis that sodium enters the posterior chamber unidirectionally which for 
lack of a better term may be called secretion, and thiocyanate enters by a 
two-way process, diffusion. 
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Summary 

The fraction of SCN bound to plasma proteins has been redetermined 
and in essential agreement with Davson (1955), found to represent approxi- 
mately 20 per cent. of the total. Previously published data concerning the 
rate of accumulation of SCN into the posterior and anterior chambers have 
been corrected to allow for the fraction of SCN which is non-diffusible and 
theoretical curves based on mathematical expressions for several possible 
modes of penetration into the two chambers of the eye were fitted to the 
experimental data. Various coefficients of transfer were computed. Similar 
coefficients were recomputed for the rate of accumulation of Na. 

The data were found to be consistent with a flow rate of 1-1:25 per cent. 
per minute and with the hypothesis that Na enters the posterior chamber 
unidirectionally whereas SCN enters by a two-way diffusional process. 
They are also consistent with a hypothesis that both Na and SCN enter the 


anterior chamber by flow from the posterior chamber and diffusion from the 
blood across the iris—aqueous barrier. Both ions are believed to leave the 


anterior chamber by flow as well as by back diffusion through the iris. 
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ALTERNATIVE TO THE 3-SNIP OPERATION FOR 
LACRIMAL DRAINAGE INSUFFICIENCY’ 


BY 
C. MONTAGUE RUBEN 


London 


EPIPHORA due to insufficiency of the lower lacrimal punctum, due either to 
atresia of the punctum or to its poor apposition to the lacus lacrimalis, is 
usually treated in the first instance by repeated dilatations, slitting, or modi- 
fications of the 3-snip operation. A punch method for making a gutter 
instead of a slit has also been described (Haitz, 1930). 


The following procedure, which is suggested as an alternative to the above 
operations, can be used in combination with other plastic operations for ectropion 
of the lower lid. The object of the operation is to provide a new round opening 
into the lower canaliculus, 2 mm. below the original punctum. 

The instruments required are a Nettleship dilator, 4-size Bowman’s probe or 
similar size silver-wire (I have used a lacrimal canaliculus syringe needle instead), 
a 1:5-mm. trephine (preferably one set aside for this operation), sharp pointed 
scissors, and a straight iris forceps. 

The lower punctum is dilated and the 
probe is passed along the canaliculus into 
the sac. With the lid everted, the tre- 
phine is placed about 2 to 3 mm. inferior 
to the punctum over the probe, and 
pressure exerted against the probe, 
followed by rotatory movements until 
the posterior wall of the canaliculus is 
trephined (Fig. 1). 

The disc is lifted out by the iris 
forceps, and cut away cleanly with 
scissors. The probe is removed, and 
the anterior wall of the canaliculus is 
now visible. A wisp of cotton wool 
is inserted into the trephine opening, 
along the inner portion of the canali- 
culus, and is left in place for about 24 
hours, giving time for epithelialization 
to take place. 


<—— Trephine 





Fic. 1.—Diagram showing trephine and probe 
in position. 
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I have found trephination over the more medial part of the canaliculus to 


be less successful, and am of the opinion that the method involving the lateral 


portion has proved more successful because of the greater rigidity of the 
tissues which is due to the lateral support of the tarsal plate; this area is at 


the angle of the canaliculus. 
Fig. 2 shows the results of a trephination such as that described above; 


the photograph was taken 4 months after the operation. 


I wish to thank the surgeons of Moorfields Hospital, High Holborn, upon whose cases this 
procedure has been done, and the Medical Illustration Department of the Institute of Ophthal- 
mology for the photograph. 
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CASE NOTES 
AMBLYOPIA DUE TO ETHYL ALCOHOL* 


BY 


M. QUATERMASS 
Bristol Eye Hospital 


Case Report 


A dairy farmer, aged 42, was referred for admission to hospital by the consultant physician 
on June 19, 1957. He complained of deterioration of vision in the past 6 weeks and 
said that for the past 2 weeks he had been unable to read the paper. His visual acuity 
on admission was 4/60 in the right eye and 1/60 in the left. 

He stated that he drank about 8 pints of beer a day, but his wife said that he usually 
had this amount before breakfast, and that his daily consumption would amount to 
2 gallons of beer and cider and sundry spirits, 

He stated himself that he smoked approximately 10 cigarettes a day. He said he was 
in good health. There was no family history of poor vision and he had not apparently 
been in contact with any poisons. 


Examination.—He was a large gaunt man whose clothes hung rather loosely on him. 
His speech was slow but probably normal. His memory was quite good, although 
obviously better for distant than for recent events. 

Apart from the pupillary reflexes his eyes were considered normal. The optic discs 
were both of good colour and the maculae within normal limits. 


Central Nervous System.—The knee and ankle jerks were absent and there was loss of vibration 
sense in the lower extremities. There was a slight general weakness of all muscles which were 
flaccid and poor in tone. Coordination was slow and a coarse tremor of the extended fingers 
was present. He had marked hyperkeratosis of the hands. 


Visual Acuity (21.6.57).—1-5/60 in the right eye and 3/60 in the left with correction. 
Visual Fields —The peripheral fields were full. The central fields are shown in Fig. 1 (opposite). 


Laboratory Investigations (19.6.57): 


Blood.—Erythrocyte sedimentation rate 36 mm/1 hr; white blood count 7,300/cmm.; total 
polymorphs 4,700/cmm.; haemoglobin 14-1 g/100 ml. (95 per cent.); packed cell volume 
44 per cent. red blood cells; M.C.H.C. 32 per cent.; platelets present; film normal. 

Wassermann reaction negative; Kahn test negative. 


Cerebrospinal Fluid—Clear and colourless; pressure 100 mm.; Queckenstedt test normal; 
white cells nil; red cells nil; protein 135 mg./100 ml.; globulin increased. 

Wassermann reaction negative. 

Lange count 11 
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Fic. 1.—Central visual fields in June, 1957. 


Fractional Test Meal (including histamine test meal).—Within normal limits. 


Lumbar Puncture (10.7.57).—Cerebrospinal fluid clear and colourless; pressure 170 mm.; 
white cells nil; red cells nil; protein 127 mg./100 ml.; globulin increased. 


Liver Function Tests (4.7.57).—Within normal limits. 


Treatment.—The patient was allowed two small bottles of beer a day. On 27.6.57 he 
was started on treatment with vitamin B group tablets forte, two three times daily, 
after meals, intramuscular Cytamen 50 yg. daily, and vitamin C tablets 200 mg., three 
times daily, after meals. 


On 1.7.57 the patient reported an improvement in visual acuity, and on 3.7.57 the 
visual acuity was 6/18 with: +0-50 D sph. in the right eye, and 6/18 with +0-25 D sph. 
in the left. 

On 3.7.57 he was started on 6 ml. Parenterovite intramuscularly daily which was con- 


tinued until his discharge from hospital on 19.7.57. The visual acuity continued to 
improve and on discharge it was 6/12 in the right eye and 6/9 in the left uncorrected. 


He was discharged on Multivite tablets, two three times daily after meals. On 24.7.57 
the visual fields showed a remarkable improvement (Fig. 2), and the visual acuity was 
6/9 in each eye uncorrected. 














Fic. 2.—Central visual fields in July, 1957, 
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Discussion 
This case presents several unusual features. It is rare to find a “toxic 


amblyopia” due to ethyl alcohol in this country. It is usually stated to be 
associated with another agent, tobacco, in causing a field defect. 


Traquair (1949) wrote as follows: 
“Neither ethyl alcohol nor methyl alcohol can be credited with special toxic effects 
upon the visual nerve path. ... amblyopia traceable to alcohol, apart from 
tobacco, is almost unknown in British Hospital Clinics and the experience of 
British ophthalmologists does not support the view that alcohol is a potent factor.” 


Duke-Elder (1945) stated: 
“The condition is always associated with a long history of alcoholism and 
frequently with peripheral neuritis. A recent deterioration of the physical and 
mental health enters largely into the aetiology, a matter in which malnutrition, 
owing to long-standing alcoholic gastro-enteritis usually plays a prominent part”’. 

This is supported by the response to treatment in this case, which, apart 
from almost complete abstinence from ethyl alcohol, consisted of vitamins 
and the usual hospital diet. 

Bell, Davidson, and Scarborough (1956) state: 

**Diets which produce vitamin deficiency disorders lack not only a number of 
vitamins but may be deficient also in proteins, essential amino acids, and minerals, 
and it must not be assumed that deficiency disorders such as beri beri and pellagra 
are due to the lack of a single vitamin. Also there may be variations in the 
individual response to deficiency, since a diet lacking in vitamins of the B complex 
may produce beri beri in one and pellagra in another”’. 

The picture in this case, though indirectly due to ethyl alcoholism, appears 
to be directly due to avitaminosis, and resembles the retrobulbar neuritis 
seen in prisoners of war in Japanese camps. 

The question remains whether ethyl alcohol has any direct toxic effect on 
the optic nerve; it is quite probable that it has in such extreme cases as this. 

The second unusual feature is the rapid response to vitamin therapy. In 
tobacco amblyopia, return to normal vision frequently takes 6 weeks of 
abstinence with vitamin therapy. In the present case, after 3 weeks’ treat- 
ment, the patient’s vision was almost within normal range, but although the 
visual acuity returned to almost normal, he still showed evidence of peripheral 
neuritis. 

The third feature is the raised cerebrospinal fluid protein. This would 
not appear to be a commonly reported phenomenon in this condition, as I 
have not been able to find any reference to it. However, Dr. A. M. G. 
Campbell (personal communication) has seen a high cerebrospinal fluid 
protein in association with alcoholic consumption, and this may be a 
common feature of alcoholism. It would appear to be similar to the 
peripheral oedema found in cases of beri beri, the protein diffusing through 
the blood-brain barrier of the choroid. 
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Finally, although the patient was an habitual heavy drinker, the liver 
function tests were normal. These findings are in accord with the present- 
day teaching of the effects of alcohol on liver function. The reserve capacity 
of the liver is such that many tests do not yield abnormal results until the 
liver tissue is extensively and perhaps irreparably damaged. 


I wish to thank Mr. P. Jardine and Dr. A. M. G. Campbell for permission to publish details 
of this case and Dr. Campbell for his advice and encouragement. My thanks are also due to 
Mr. A. J. A. MacCormick for measuring the visual fields. 
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COMPLETE OPHTHALMOPLEGIA IN ACUTE TOXIC 
POLYNEURITIS* 


BY 
FRANK R. NEUBERT 


Guernsey 


Case Report 


A well-developed, healthy country girl, aged 19 years, was delivered normally of her 
first baby on March 6, 1957. 

Two days later her pupils began to dilate and she found she could not read. She had 
a vague history of epileptic fits and in view of certain domestic difficulties hysteria was 
suspected. 

Examination —On March 11 her eyes were found to be fixed in the primary position 
and no stimulus would cause her to move them; the pupils were immobile sensually and 
consensually to light stimulus and upon attempting accommodation. They contracted 
normally with pilocarpine. Accommodation was paralysed, corneal sensation was 
normal, and the lids moved normally. There was no nystagmus and no diplopia, and 
the fundi were normal. 

Nothing abnormal was found in her general condition and an atypical attack of anterior 
poliomyelitis was suggested. The cerebrospinal fluid and blood picture were normal. 
The erythrocyte sedimentation rate was 4 mm./hr. 


Progress.—During the next few days her condition remained unchanged, but on one 
or two occasions fluids were regurgitated through the nose and she appeared to be less 
interested in her surroundings. 

A throat swab showed no Klebs-Loeffler bacillus and a vaginal swab showed some 
diphtheroids which were non-pathogenic after an animal innoculation. 

She complained of vague pains in the right shoulder and some ataxia was suspected, 
but her mental state was considered to be largely responsible for her condition. 

She was given light pentothal anaesthesia in an attempt to obtain eye movements, to 
examine her reflexes, and to question her, but this failed. 

On March 19 a repeat cerebrospinal fluid examination showed cells, less than 5 per cent. 
protein 300 mg., and a positive Nonne-Appelt test. 

The next day she was transferred to a neuro-surgical unit on the mainland with the 
suggested diagnosis of a brain tumour, which appeared most unlikely, or anterior polio- 
myelitis. She was then found to have ophthalmoplegia, facial weakness, palatal palsy, 
ataxia, slight weakness of the upper arm muscles, and absent reflexes in all four limbs. 
It was found that the attack had been heralded by tingling in the hands and feet. The 
cerebrospinal fluid again showed an increase in protein and the diagnosis was made of an 
unusual variant of acute toxic polyneuritis. 


Therapy.—She was treated with cortisone and recovery commenced; when the cortisone 
was discontinued there was a slight return of weakness of the deltoid muscles. Further 
treatment consisting of 300 mg. for 2 days followed by 100 mg. daily was given, and on 
April 4, 1957, she returned to Guernsey. She then had dilated and inactive pupils, full 
ocular movements, some nystagmus, a rapidly improving palate and face muscles, normal 
balance, and a feeling of wellbeing. She continued to improve steadily until normal 
health had been regained. 
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Discussion 
This syndrome is not dealt with extensively in the ophthalmic literature. 
Rare ocular palsies in acute infective (rheumatic) polyneuritis are men- 
tioned by Duke-Elder (1949): 
Only in the rare event of a widespread lesion in the upper brain-stem, isolating the 
motor nuclei completely from all down-coming incitations and inhibitions and yet 


completely sparing them, does complete bilateral external ophthalmoplegia with the 
abolition of all movement result from supranuclear disturbances. 


Price (1956) does not mention ophthalmoplegia in the section on poly- 
neuritis, but Brain (1955) states that external ophthalmoplegia is occasionally 
seen, and also that dysphagia may occur, though the palate usually escapes. 


Fisher (1957) reports three cases in each of which the cause of the syndrome 
was obscure until a great rise in cerebrospinal protein indicated a close 
relation to the Guillain-Barré type of polyneuropathy. Two of Fisher’s 
cases had a total external ophthalmoplegia, but in one the preservation of 
downward movement was queried. In each of these the reaction of the 
pupil to light was sluggish, but in the case here reported there was no move- 
ment. In two of Fisher’s cases there was moderate ptosis, and in one there 
was lid retraction. Apparently the ciliary body was not involved, for he 
does not mention the reactions of the pupil to accommodation or any 
alteration in the near point. Points of comparison between Fisher’s cases 
and that here described are listed in the Table. 


TABLE 





Derciog.| Ophthalmoplegia Pupillary 


went Palate | Reaction Ptosis Diplopia i i Recovery 
(days) | External | Internal to Light 








Total Not Not Sluggish | Moderate} Present Good 
mentioned| mentioned pr oo a 
of lids 





Not Not Sluggish | Moderate Severe | Complete 
mentioned] mentioned — 
of lids 


Query gaze} Not Not Sluggish | Moderate | Present | Normal} Severe | Good 
downward | mentioned| mentioned retraction but mild 
preserved of lids diplopia 











Total Total Palsy None Lid move-| Absent | Normal} In- Complete 
ments definite 
normal 






































I am indebted to Dr. W. B. Fox for permission to report this case and for allowing access to 
his notes, and to Dr. G. S. Graveson for his report on the patient from the mainland and for his 
reference to Fisher’s paper. 
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UNUSUAL TRAUMATIC DEFORMITY OF THE LENS* 


BY 
P. SIVASUBRAMANIAM 
Victoria Memorial Eye Hospital, Colombo, Ceylon 


THE most bizarre pattern of lesions may accompany ocular injury. When 
the violence is severe, damage may amount to complete disruption of the 
globe. When the violence is moderate, the integrity of the globe may be 
preserved though the structures within it may be irreparably damaged. 
Severe intra-ocular haemorrhage or a total lental opacity may cloud the 
clinical picture. In the latter case a deformity of the lens is of little moment 
as in any event the opaque lens has to be removed to restore sight. A fairly 
transparent lens with a deformity, while permitting some kind of visual 
function, is a clinico-optical problem. The following case is of interest as 
a curious lenta! deformity presenting unique clinical features. 


Case Report 


A 12-year-old boy met with an accident due to the premature explosion of a fire-cracker. 
He was admitted to the Victoria Memorial Eye Hospital, Colombo, at 8 p.m. on April 8, 
1957, with the lower right lid torn at the mid-point and a flaccid perforated right globe. 


There was a lacerated penetrating wound with a tongue-shaped corneal flap at about 


5 o'clock, and the rupture extended about 2 mm. on to the sclera through which a portion 
of the iris had prolapsed. The pupil was deformed and a hyphaema filled the lower 
fifth of the anterior chamber. The lens appeared clear. An emergency operation was 
performed at once under gas and oxygen anaesthesia. The prolapsed iris was excised, 
the wound trimmed and sutured, and the torn lower lid repaired. Atropine drops and 
penicillin ointment were used post-operatively and the boy made an uneventful recovery 
as regards the rupture of the globe. X-ray examination of the globe did not reveal any 
foreign body (though metal casings are sometimes used by unscrupulous firework manu- 
facturers in Ceylon). 

Examination at the end of a week revealed a quiet eye and the visual acuity was 1/60. 
Indirect ophthalmoscopy showed the fundus reflex to be divided into two by a straight 
line passing obliquely from about 9 to 4 o’clock. The part of the fundus below the line 
appeared slightly greyish in colour, which led at first to a suspicion of a retinal detach- 
ment, while the area above it appeared to be the usual pinky-red. On extreme infra- 
duction the fundus showed a red crescentic glow. On direct ophthalmoscopy these 
appearances were seen to be due to a fold on the lens capsule and not to a retinal detach- 
ment. 

Retinoscopy presented a complex phenomenon. Above the oblique line the shadow 
was “plus” vertically and “minus”? transversely, while below the line both shadows were 
‘“‘plus”. With the. following correction ,+2 D sph., — 3-25 D cyl. axis 90°, the visual 
acuity in the injured eye was 6/36. 

Biomicroscopy revealed a “buckling” of the posterior lental surface at about the 
junction of the middle and lower thirds, This buckling was produced by an obliquely 
placed traction fold which glistened in oblique illumination. The fold was in the 
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posterior capsule, and close to it were faint ‘‘rosette” opacities (Figs 1 and 2). The lens 
measured 4-2 mm. above and 2:8 mm. below the fold (Fig. 3). 


Fic. 1.—Fold in posteriorlens Fic.2.—Opticalsectionshown Fic. 3.—Measurements 


capsule and rosette opacities by the narrow beam of the with Ulbrich’s drum 
in posterior cortex shown by slit lamp. attached to the slit-lamp 


the broad beam of the slit microscope, showing the 


lamp. thickness of the lens 
above and below the de- 


formation. 
Comment 

Bignell (1951) described two cases of folds in the lens capsule after trauma 
and suggested that they were caused by a partial rupture of the zonule. In 
this case, however, the appearance was that of a traction fold, the capsule 
being made taut along a certain line owing to deformation of the ciliary 
ting, so that at two opposite points the zonule exerted an equal and opposite 
pull pinching up the capsule into a fold. The disposition of the site of 
rupture and the near coincidence of the traction fold along the same axis 
lends support to the idea that the fold is caused by a deformation of the 
ciliary ring. That such a fold can exist without a rupture of the capsule is 
exemplified by the commonplace procedure of grasping the anterior capsule 
with intracapsular forceps at the commencement of an intracapsular extrac- 
tion of the lens. Besides this the folds in Bignell’s cases were loose, as can 
be seen in the drawings of the slit-lamp microscopic appearances reproduced 
in his paper. 

My thanks are due to Dr. W. H. V. Ferdinands, surgeon-in-charge of the Victoria Memorial 


Eye Hospital, for permission to publish this case: and to Dr. D. Muttucumarane for her help 
with the notes. 
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GLAUCOMA FOLLOWING RADIOTHERAPY* 


BY 
R. F, JONES 


St. Bartholomew's Hospital, London 


THE occurrence of glaucoma in an eye after irradiation has been the subject 
of few reports. It is proposed to review briefly those cases that have been 
described and to present another with its own peculiar features. 

Birch-Hirschfeld (1921a, b) reported a case of a man aged 61 who received 
radiotherapy for a wart on the right upper lid. The conjunctiva became 
thickened and its vessels dilated and tortuous, and a thin vascularized pannus 
appeared on the upper part of the cornea, which became opaque and resulted 
in blindness. An ocular tension of 40 mm. Hg (Schiétz) was recorded, and 
histology revealed a cupped disc; the angles were not described. 

Peter (1924) reported a case of glaucoma following treatment of a conjunc- 
tival carcinoma by radiotherapy. No details of the angle or disc were given: 
the blood vessels were said to be normal. 

Bothman (1940) described a case of glaucoma in a man aged 63 who had 
received large doses of x rays for a squamous-cell carcinoma of the lateral 
canthus that invaded the orbit. Detailed histological findings were recorded 
and it was concluded that there was a dispersion of the anterior uveal tract 
pigment which was deposited in the trabecular spaces. He also stated that 
the blood vessels were normal, that there were no peripheral anterior syne- 
chiae, and that the disc was cupped. 

Fry (1952) described the case of a 5-year-old child who received a total of 
10,160r for a malignant orbital tumour. Here there was corneal ulceration, 
secondary glaucoma, and cystic degeneration of the retina, and the angle was 
obliterated by peripheral anterior synechiae. 


Case Report 
A woman aged 40 first attended hospital in November, 1954, complaining of right nasal 
obstruction; a large polyp was found and removed, and it was shown histologically to be 
a mucoid adenocarcinoma. Between December, 1954, and January, 1955, the area was 


treated by radiotherapy. Later a right Caldwell-Luc operation and removal of the 
right middle turbinate bone was undertaken, and as a recurrence of the carcinoma was 
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found in the middle turbinate, a partial posterior fenestration of the right side of the 
palate was performed with intercavity irradiation by radium. 

The patient noted that the right eye was dry and the vision blurred in April, 1956, and 
sought an opinion on May 7, 1956, after 3 weeks of visual disturbance. 

The right lashes and eyebrow were absent, the visual acuity was 6/9 with correction, and 
dilated tortuous conjunctiva) and scleral vessels were noted. Many dilated vessels, some 
of which were varicose, were observed in the iris. The disc and fundus were normal and 
the peripheral field full to 1/330 white. The ocular tension (Schidtz) was 32 mm. Hg in 


the right eye and 27 mm. Hg in the left. Gonioscopy showed the angles to be of medium 
width. In the right angle, especially above, there was an extensive network of newly 


formed tortuous blood vessels, which occupied the angle and overlaid the peripheral iris, 
The left eye was quite normal and there was no evidence of glycosuria. Unfortunately 


the patient became apprehensive of further procedures and tonography could not be per- 


formed. Guttae pilocarpine 1 per cent. three times daily for both eyes were prescribed. 


On June 11, 1956, the ocular tension had reached 45 mm. Hg and the fundus could still 


beseen. There was no evidence of a central retinal vein thrombosis. 

A week later the visual acuity had deteriorated to 6/36 and corneal oedema was present. 
The ocular tension was then 50 mm. Hg, and no view of the fundus was possible. The 
fundus has remained hidden since that date. The patient was now in pain and consented 


to enter hospital. It was considered that the vascularity of the iris was a contraindication 
to the usual type of filtration operation, and cyclodiathermy was performed on June 21, 


1956. 
After this, ciliary injection, corneal oedema, and an anterior chamber flare developed, 


and the ocular tension remained between 42 and 45 mm. Hg (Schidtz) although pilocar- 
pine and Diamox were administered. Later a hyphaema appeared. On July 17, 1956, 


cyclodiathermy was repeated, the patient became free of pain, and the tension fell to 
22 mm. Hg. 


The visual acuity is now counting fingers, there are degenerative changes in the 
cornea, dilated vessels are more obvious because of iris atrophy, the pupil is adherent 
to the anterior lens capsule, and the lens has developed opacities. A complete ring of 


peripheral anterior synechiae is present. 


Comment 

In previously reported cases glaucoma was secondary to the deposition of 
pigment in the trabecular spaces, or to the formation of P.A.S. secondary to 
other pathological procedures occurring in the irradiated eye. 

Theoretically, the radiotherapy could have disturbed the inflow—outflow 
balance by producing an occlusion in the anterior ciliary veins, in the vortex 
veins, or in the central retinal vein. The relationship between rubeosis and 
vessel formation in the angle, and central retinal vein thrombosis, to glaucoma 
has been established (Smith, 1955). In the present case, the fundus was nor- 
mal when the tension was raised and was unlikely to have been elevated 
secondary to a venous thrombosis. Apart from being obliterated following 
the radiotherapy the vortex veins could have been involved in a recurrence of 
the tumour and obliterated in that way. There is no evidence that this has 
occurred. Irradiation could have also caused obliteration of the trabecular 
spaces and exit channels. 

In this case histological findings are not available, but the finding of dilated, 
tortuous, varicose newly formed vessels in the iris and angle following 
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radiotherapy may be considered the causative factor in the onset of glau- 
coma. It is unfortunate that tonography was not performed, since this 
might have differentiated between a mechanical obstruction to outflow and 
the possibility that the vasodilation had increased the formation of aqueous, 
i.e. a hyper-secretion glaucoma. 

The other pathological changes in the eye may be attributed in part to the 
late manifestations of irradiation and operative procedures. 


I am indebted to Mr. J. H. Dobree for permission to publish this report. 
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BOOK REVIEWS 


Medico-Surgical Encyclopaedia. Ophthalmology. (Encyclopédie médico-chirurgicale. 
Ophtalmologie). Edited by E. Velter and G. Renard, 1958. Collection No. 7. 
Editions Techniques, Paris. 

New subjects for insertion in the ophthalmological section of this vast French encyclo- 
paedia are collated in loose-leaf form and include: Ocular Physiology by H. Saraux, who 
deals with (1) the chemical phenomena of vision, (2) electrical phenomena of the retina 
and optic nerve, (3) physiology of light sensation, (4) the sense of shape and visual acuity, 
(5) colour vision, and (6) physiology of the visual field; Clinical Examination of Colour 
Vision and its Anomalies by A. Dubois-Poulsen; Conjunctivitis and Kerato-Conjunctivitis 
due to Viruses by R. Nataf; Pluriorificial Erosive Ectodermoses by J. Francois; Intracranial 
Arterial Aneurysms by P. Desvignes and M. Brun. 

The standard of the contributions is maintained and effort is made by the editors to 
bring the newest and most interesting reports to the attention of the reader. 


Optical Aids for Low Acuity. By R. L. Stimson, 1957. Pp. 43. Braille Institute of 
America, Los Angeles. ($10.) 

The theory of magnification, a description of charts for testing visual acuity, and the 
prescription of suitable aids for those with defective sight occupies about half of this 
manual. A comprehensive list of available appliances is followed by twelve charts of 
the newly-introduced target test; a chart of Snellen’s letters ranging from 35/1554 to 35/55 
graduated on the basis that each line of letters demands an acuity 80 per cent. of the 
previous line; a chart showing the calculated reading addition and reading distance in 
cm.; a reading chart consisting of words made up of lower-case letters without ascenders 
or descenders; a reading chart composed of different styles and sizes of print used in 
newspapers, magazines, and books; and finally a table of visual acuity data. 

The target test consists in the presentation of targets made up of concentric rings of 
alternate black and white lines of equal width. These are arranged in series of gradually 
decreasing width of lines. The essence of this ingenious test is to determine the target in 
which the narrowest rings can be resolved. By the side of each target are placed two disks 
of equal size in slightly differing shades of grey such as might be compared with the 
appearance of the target when the rings cannot be resolved. The test as arranged can 
be used to detect scotomata and also malingering. In practice, however, elderly patients 
and the less well educated are slow to grasp what is required of them. 

All the tests in the book are designed for a reading distance of 35 cm., but there is 
much to be said in favour of selecting 25 cm., which conforms with the shorter’ working 
distance adopted by the partially sighted and simplifies the mathematical assessment of 
magnification for near vision. The author also adopts the logarithmic scale in all his 
charts whereby each line or paragraph represents a visual acuity of 80 per cent. of the pre- 
ceding one, thereby attaining a more accurate measurement of the lower values of visual 
acuity than can be got by using Snellen’s notation. This idea was first suggested in 
1868 (Green, 1869), and Green’s article was recently resuscitated independently by Keeler 
in his “A” Series. 

The author lays much stress on adhering to normal refraction procedures. These 
hold good for plus spherical additions, but are not applicable when telescopic combina- 
tions have to be used. It would seem to be much simpler to estimate the magnification 
needed to enable an eye of known refraction and acuity at 25cm., with presbyopic 
correction if necessary, to perform a specific task. Much confusion would be avoided 
if this were accepted generally and the various aids classified according to their magni- 
fying power, working distance, and field of vision. 
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Much useful information is given about the value and limitations of the many aids on 
the market, with sound advice on prescribing the most suitable aid to meet the needs of 
individual cases. The patient’s adaptation to a visual aid is discussed, including Friang’s 
methods of re-education. Accessories helpful to the partially sighted include well-tried 
ruses which are widely used, but their inclusion will be helpful to those coming newly to 
this field. 

This is a practical book which contains much useful information on the subject of 
visual aids, but it cannot be described as a simple guide to the selection of the most 
suitable optical visual aid for the individual patient. 


REFERENCE 
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NOTES 


THE GONIN FESTIVAL 


The “‘Gonin Festival” was held at the Palais de Rumine in the Senate Chamber of the 
University of Lausanne on July 12, 1958. 

The procedure for the allocation and presentation of the Gonin Medal has now become 
stabilized and this was the first “‘routine’’ occasion; it is hoped that it will become an 
important and pleasant ophthalmological tradition. 

The Gonin Medal in gold is presented every 4-years conjointly by the University of 
Lausanne and the Swiss Ophthalmological Society, in memory of their most distinguished 
ophthalmological alumnus and member. The medal is given to the person who is 
internationally considered to have contributed most lavishly to ophthalmology. In 
order to ensure that the choice is widely acceptable throughout the world, the Interna- 
tional Council of Ophthalmology appoints every 8 years a commission of seven dis- 
tinguished ophthalmologists from seven different countries to suggest names of potential 
candidates; from these the recipient is chosen by the council itself at its meeting before 
each International Congress of Ophthalmology. The medallist visits the University of 
Lausanne a short time before each congress, delivers an oration, and receives a certificate 
from the Rector of the University entitling him to claim the medal. The medal itself is 
presented at each Congress. 

On July 12 a very delightful ceremony took place wherein Dr. Edmond Grin, the Rector 
of the University, opened the proceedings. The president of the International Council 
(Duke-Elder) introduced the medallist, Prof. Alan C. Woods of Johns Hopkins University, 
Baltimore, explaining the reasons for the choice of the council. The professor of ophthal- 
mology of the University of Lausanne (Streiff) detailed the brilliant career of the medallist 
and his immense contributions. to ophthalmology. Thereafter Prof. Woods delivered 
the Gonin Oration. 


FACULTY OF OPHTHALMOLOGISTS 


At a Council meeting on July 11, 1958, the following officers were elected for 
1958-1959: 


President: Mr. L. H. Savin 
Vice-Presidents : Mr. E. G. Mackie 
Prof. G. I. Scott 
Hon. Treasurer: Mr. A. McKie Reid 
Hon. Secretary: Mr. E. F. King 





